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FOREWORD 





The public hearings on The Nature of Radioactive Fallout and Its 
Effects on Man had their origin in studies initiated over a year ago— 
in July 1956—by the staff of the Joint Committee on the general 
subject of long term radiation hazards, both from the military and 
peacetime atomic energy program. 

During the summer recess, following the conclusion of the 84th 
Congress, the staff assembled background materials on fallout, with 
primary emphasis on the research aspects. Following offici al an- 
nouncement of the hearings in March of this year a det ailed technical 
outline describing the proposed scope and subject matter of the hear- 
ings was prepared by the staff. ‘This outline and related problems 
were discussed informally with scientific experts in the fallout field. 
The outline and comments of the expert group were most useful and 
helpful in Tae the necessary ground’ work for the hearings. 

On April 18, 1957, a Special Subcommittee on Radiation under the 
chairmanship of Representative Chet Holifield of California was 
established to conduct the hearings and to look into radiation problems 
in general. The subcommittee, with the assistance of the committee 
staif, then set about the task of selecting a representative group of 
expert witnesses from the major scientific areas involved, and extend- 
ing invitations to them to testify. An effort was made, in this regard, 
to achieve a balanced presentation and to provide an opportunity for 
the expression of varied points of view. 

The hearings, which were all open to the public, were held on May 
27-29 and June 3-7, and covered the major aspects of the fallout prob- 
lem from its inception in nuclear weapons explosions to its effects on 
man. In all, some 50 witnesses either appeared personally before 
the committee or submitted statements for the record. 

The staff has prepared a summary analysis of the hearings which is 
aimed at pointing up the more significant information which emerged 
from the hearings. This analysis does not cover all points that were 
discussed in the hearings. An effort was made to describe the general 
areas of agreement which developed and to delineate those areas in 
which unresolved questions still exist. 

On behalf of the Joint Committee we would like to extend our 
sincere thanks to all the expert witnesses, who gave generously of 
their time and effort to make the hearings a success. We are also 
appreciative of the excellent support we received from the staff and 
from the committee’s consultant, Dr. Paul Tompkins, technical direc- 
tor of the Naval Radiological Laboratory at the University of Cali- 
fornia, whose advice was most helpful in connection with technical 
questions which arose during the course of the hearings. 

Cart T. Durnam, 

Chairman, Joint Committee on Atomic Energy. 
Cuer Horirierp, 

Chairman, Special Subcommittee on Radiation 
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(Pt. 2 contains further statements by leading scientists, together with 
statements and papers submitted for the record.) 

(A detailed subject index is now being prepared and will be published at a 
later date.) 
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THE NATURE OF RADIOACTIVE FALLOUT AND ITS 
EFFECTS ON MAN 


MONDAY, MAY 27, 1957 


Concress or THE Unitep Srartes, 
SrectAL SuscoMMitrree ON Rapiation oF THE 
Joint ComMitree on Atomic Enenrey, 
Washington, D. C. 

The special subcommittee met, pursuant to call, at 10:05 a. m., in 
the caucus room, Senate Office Building, Hon. Chet Holifield, chair- 
man of the subcommittee, presiding. 

Present: Representatives Holifield, Durham (chairman of the Joint 
Committee), Price, Cole, Van Zandt; Senators Anderson, Jackson, 
Hickenlooper, and Bricker. 

Present also: Professional staff members, James T. Ramey, execu- 
tive director, George E. Brown Jr., Paul C. Tompkins, consultant, 
and Hal Hollister, staff technical adviser. 

Representative Hottrretp. The committee will be in order. 

This is the opening day of public hearings by the Special Sub- 
committee on Radiation of the Joint Committee on Atomic E nergy 
on the nature of radioactive fallout and its effect on man. The primary 
purpose of the bearing is to bring together in one forum competent 
scientific opinion on the various major aspects of the fallout problem. 
An effort has been made to have a well-balanced presentation, with 
witnesses representing varied points of view within the scientific 
community. 

It is the committee’s intention through the presentation of expert 
scientific testimony, to trace the fallout cycle from the moment of the 
nuclear explosion, through the scattering of radioactive debris in the 
atmosphere, its descent-to the ground, and finally its effect on human 
beings, livestock, and agriculture. Each of the various scientific areas 
and disciplines involved will be considered in sequence and an at- 
tempt will be made at the conclusion of the hearings to bring together, 
through general discussion, some of the major points developed at the 
hearings. In particular, the committee hopes to be able to delineate 
those areas where we have knowledge from those where we have 
little or no knowledge, with a view to determining the areas of re- 
search which need more intensive effort. 

It is not the purpose of the committee, in this set of hearings, to 
draw any moral, political, or philosophical conclusions; nor to get into 
other associated fields, such as disarmament. Nor is it our purpose 
at this time to cover in detail the question of hazards in connection 
with nuclear powerplants, or the matter of workmen’s compensation 
for employee radiation hazards. These subjects might more appro- 
priately be taken up in a subsequent series of hearings. 
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For the purposes of these hearings we will be devoting our attention 
mainly to the radioactive fallout problem from nuclear explosions and 
to a possible projection of what the hazards are. We will have before 
us in the next 2 weeks a representative group of top ranking scientists 
in their chosen fields who have generously consented to appear before 
the committee to give us their expert opinion on a problem which has 
caused untold concern and confusion among the people of this country 
and among our friends in foreign lands. 

The suggestion has been made by the chairman to our scientific 
witnesses that their presentation be made in laymen’s language as 
much as possible rather than in complicated technical terms. The 
committee hopes this will be possible so that the printed record of the 
hearings may be understood by persons from all walks of life. This 
request should not be interpreted as precluding the submission of state- 
ments for the record which by their nature must include technical ter- 
minology and formulas. We also recognize and hope that the hearings 
Ww ee P rovide valuable source material for students and professional 

‘ientists throughout the world. 

The committee and staff will avail themselves of the opportunity to 
question witnesses during their presentation or at the conclusion of 
their testimony, in order to clarify points at issue or to expand the 
record on a particular subject. At cert: Lin times later on in the hear- 
ings we may wish to try the tec hnique of having certain expert wit- 
nesses comment on the presentation of a principal scientific witness, 
with opportunity, of course, for rebuttal by the latter 

It is my sincere hope, and I am sure the hope of all the members of 
the committee, that these hearings will result in a better understanding 
of this diflicult and complex problem. Such understanding is essen- 
tial, it seems to me, if we are to develop sound national policies. 

At this point, I would like to place in the record, without objection, 
the outline of the subject matter for the hearings which was prepared 
by Mr. Hal Hollister who is our technical adviser on the staff of the 
Joint Committee. I might say that the list of witnesses is not closed; 
it is subject to addition later on if the committee deems it necessary. 
We were also advised in the development of the outline and in the 
selection of witnesses by a representative group of scientists familiar 
with this field. 

(The subject matter referred to follows :) 


CONGRESS OF THE UNITED STATES 


JOINT COMMITTEE ON ATOMIC ENERGY 
April 29, 1957 


THe NATURE OF RADIOACTIVE FALLOUT AND Its EFFECTS ON MAN—OPEN 
HEARINGS May 27-JUNE 7, 1957 
GUIDANCE TO THOSE PRESENTING TESTIMONY 


Scope of hearings 

The hearings will deal primarily, but not exclusively, with the scientific (phys- 
ical, geological, biological, and medical) subject matter associated with radio- 
active fallout. Matters of program, money and policy as they relate to the 
scientific research aspect will be dealt with. The hearings will also deal for 
background purposes with scientific subject matter in topics related to weapon- 
eaused fallout such as fallout from reactor accidents, and the biological effects 
of radioactivity caused by events other than fallout. 


RADIOACTIVE FALLOUT AND ITS EFFECTS ON MAN 3 


Approach of hearings 


The hearings are to educate the committee and the public about fallout, how 
it originates, what happens to it, why it constitutes a hazard, what our sources 
and methods of getting information are, how adequate our knowledge is, and 
what the program in research for the near future should be. The hearings thus 
amount to a report on the progress of research. But because fallout is of in- 
tense concern to the committee and the public from a hazards point of view, and 
because of differences of opinion as to the facts and conclusions as to fallout 
hazards and their control, a special effort will be made, by means of the hearings, 
to assemble and disseminate information that is understandable and useful. 

The record of the hearings should help competent persons to make the follow- 
ing sorts of judgments: 

(1) What actual experimental, clinical, or operational data is a given 
result based on; 

(2) How good is existing data on a given subject; 

(3) Ilow good is our understanding of the phenomena for which data is 
being collected; how good are hypotheses used to relate data to arrive at 
results; 

(4) What are the results, as opposed to the conclusions, of work to date; 

(5) What data should be collected urgently, because such data might 
never again be available assuming a continuation of tests; 

(6) What further should be done by way of standardizing definitions, 
assumptions, ete. ; 

(7) What information can specifically be earmarked for use by civil 
defense and other agencies as working information? 

Plan of presentation 


The following order of presentation has been worked out: 

I. An organized presentation by expert witnesses chosen from qualified per- 
sons in particular scientifie fields: 

A. Presentation of “background statements” by experts in the field of 
physics, meteorology, geology, biology, and medicine, to be followed by 
questioning confined to and appropriate for the statement but not broadening 
the subject matter. 

B. Presentation of detailed statements on specific topics that should be 
examined carefully because they are particularly relevant, important or 
controversial, 

(. Presentation of testimony designed to pull things together and point out 
the impact of the situation as it siands: 

(1) What we know, what we can predict and how surely we can 
predict it; what we don’t know. 
(2) What action might serve to change the situation. 

Notr.—Oral presentation by expert witnesses should attempt to present scien- 
tifie data in a form understandable to informed laymen. More detailed and 
technical deta may be submitted for the record to supplement oral presentation. 

Il. An open presentation by those working in the field, or interested members 
of the public who requested an opportunity to testify before the committee. 

MAIN TOPICS OF TITE ORGANIZED PRESENTATION 

The organized presentation will be broken down into the following main topics: 

J. Introduction. 

Il. Background information—Radioactivity and Radiation. 

Ill. Background Information—Controlled Fission and Fusion Reactions and 
Their Potential as a Source of Hazard. 

IV. The Natural Occurrence of Radioactivity and Radiation. 

V. The Production of Radiation and Radioactivity by Detonating Nuclear 
Weapons. 

VI. Atmospheric Transport, Storage, and Removal of Particulate Radioac- 
tivity. ; 

VII. Local Fallout: The Mechanisms by Which It Can Affect Man and the 
Measures Ile Can Take To Minimize Exposure. 

VIII. Delayed Fallout: The Behavior in Geological and Physical Processes 
and the Mechanism by Which Delayed Fallout Enters into the Biological Proc- 
esses and Reaches Man. 

IX. A Detailed Discussion of the Occurrence of Strontium 90 and Cesium 137 
in the Atmosphere, Biosphere, and Its Uptake and Behavior in Man, 
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X. The Effects of Radiation on Man; Somatic Effects—Pathology; Genetic 
Effects; Methods and Standard of Radiation Protection as Applied to Fallout 
Problems. 

XI. The Impact of the Present State of Affairs: Summary, Interrelationships, 
and Implications on Policy. 

XII. The Impact of the Present State of Affairs: What should the Research 
Program in the Physical, Geological, Biological, and Medical Sciences Be? 





CONGRESS OF THE UNITED STATES 
Joint COMMITTEE ON ATOMIC ENERGY 
April 27, 1957 


OUTLINE FOR OPEN HEARINGS : THE NATURE OF RADIOACTIVE FALLOUT AND ITs 
EFFECTS ON MAN 


May 27-June 7, 1957 


(“‘Oral” denotes topic to be presented before JCAE orally, but may 
be read from prepared text. ) 
(“Insert” denotes topie to be presented by a prepared statement 
be inserted in the record but not presented orally.) 
(“Bibliography” denotes topic that should be covered, in addition 
to the above, by some references to the literature. ) 
Any one or all of these methods of presentation may be indicated 
for the topics below. 
I. Introduction (oral). 
A brief discussion for JCAF orientation, along the following lines: 

A. The general nature of radioactivity and radiation. 

B. Why radioactivity, radiation, and nuclear energy are closely associated. 

C. Man’s relationship to radioactivity and radiation. 

D. The general nature of the biological effects of radioactivity and radi- 
ation. 

E. The nature of the impact of applying nuclear energy for man’s benefit 
cn the health of individuals and on the health and welfare of the population 
as a whole. 

I’. Some factors that might be considered in deciding whether or not the 
hazards associated with radiation and radioactivity are worth risking to 
try to get the benefits expected from applying nuclear energy. 

II. Background information—Radioactivity and radiation (oral, insert if de- 
sired, bibliography if desired). 
A. The nature of radioactivity and radiation. 
B. Mass, energy, and radiation. 
C. Quantum and corpuscular radiation : 
1. Energy relationships, the radiation field, definition of roentgen. 
2. Fundamental particles. 
D. Reactions of radiation with matter: 
1. Ionization and energy transfer: 
a. Definitions, quantitative relationships, 
b. Specific ionization. 
ce. Chemical and physical changes. 
. Penetration, absorption, attenuation, etc. of radiation: 
a. Definitions, quantitative relationships. 
3. Induced radioactivity. 
4. Secondary radiations. 
E. The phenomenon of radioactive decay : 
1. Modes of decay, decay chains, ete. . 
2. Definitions: half-life, average life, decay constant, curie, relation be- 
tween mass, half-life, and curie for different isotopes. 
F. Neutron radiation: 
1. Special characteristics. 


bo 





1To be preceded by opening statement by the hearing committee chairman to orient for 
the record the purpose, scope, and approach of the hearings. 
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G. Neutron fission and fission chain reactions: 

1, Fission, number of neutrons released, energy spectrum, prompt and 
delayed neutrons, fraction of total. 

2. Fission energy release, its nature and distribution by type (radiant, 
kinetic, potential, etc.), primary and secondary fission energy. 

8. Fission products: Yield versus mass number, physical and chemical 
properties (particle size, vapor condensability, water solubility, ete.). 

a. Radioactive decay of fission product mixtures, the simple models. 
b. The limits of validity of the t—’? law. 

H. Nuclear fusion and thermonuclear processes : 

1. Contrasts between fusion and fission, relationship to binding energy, 
energy and neutron release per unit weight of material Consumed, ete. 

2. Products and energy produced, including neutrons, gamma rays, and 
alpha particles. 

3. Radioactivity of fusion products. 

J. Particle accelerators and X-ray machines as sources of radiation and radio- 
activity: 

1. The potential radiation hazards associated with accelerators. 

Ill. Background information—Controlled fission and fusion reactions and 
their potential as a source of hazard (oral). 

A fairly brief discussion for orientation, along the following lines: 

A. Controlled fission reactions and nuclear reactors : 

1. Types and characteristics of neutron chain reactions as employed in 
rectors. 

2. Prompt and delayed neutrons and their role in control. 

3. Other reactor characteristics that lend themselves to application for 
control, 

4. Types and characteristics of reactors (from hazards standpoint) : 

a. Research, test, power, production. 
b. Liquid fuel, solid fuel, homogeneous. 

5. Sources of radiation and radioactivity hazards from reactor operation, 
associated chemical processing, and waste disposal, including liquid and 
gaseous effluents (bibliography, including recent AEC report). 

B. Controlled thermonuclear reactions: 

1. Contrast control problems with fission reactor situation. 

2. Compare as potential source of radiation and radicactivity hazard. 

a. Time schedule for controlled TN development. 
b. Possible place in meeting power demand of future. 

IV. The natural occurrence of radioactivity and radiation (oral, inserts, and 
bibliography ). 

A review and discussion of this topic, citing as appropriate such treatments as 
appear in the National Academy reports, the United Kingdom Medical 
Council report, the World Health Organization report (Sievert), the Government 
of India study, the statement by Dr. Warren Weaver (hearings, Foreign Rela- 
tions Subcommittee, January 16, 1957), the British Journal of Radiology (29, 
pp. 409-417, 1956), and Dr. Libby’s article in Science: 

A. Naturally occurring radioactive materials and decay products and radia- 
tions. 

3. Cosmic radiations, composition, characteristics, effect of altitude. 

C. Spontaneous fission and induced radioactivity. 

TD. Measurement methods and limitations of the data. 

V. The production of radiation and radioactivity by detonating nuclear weap- 
ons (oral, inserts, bibliography). 

A. Description of nuclear weapon explosion : 

1. Heat, blast, radiation, and neutron production in a bomb—rough models 
for scaling and attenuation. 

2. Division of radiant energy into: 

a. Prompt gamma and X-rays 
b. Kinetic energy of neutrons—induce activity and cause direct 
damage 
- ce. Potential energy which will manifest itself as— 
(1) Direct fission product activity. 
(2) Induced radioactivity (e.g. C™). 

B. The effect of weapon type and size from the point of view of fallout pro- 

duced, both local and delayed. 
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C. The effect of the type of burst on the radiation and radioactivity resulting 

and on the fallout produced: 

. Air bursts. 

. Ground or surface bursts. 
3. Underground bursts. 
4. Underwater bursts. 

VI. Atmospheric transport, storage, and removal of particulate radioactivity 
(oral, inserts, bibliography). 

A. The types of fallout defined and described, and the conditions under which 
each type is produced—physical characteristics of particles, cloud formation, 
condensation, ete. 

B. Local fallout: 

1. The predictability of local fallout: 
a. Theory of predicting fallout. 
b. Models of radioactivity within the cloud (both Nevada and PPG), 
dependence on type and yield of weapon and type of scavenging material. 
e. Meteorological transport, examples of fallout under different winds, 
and in massive attacks. 
d. Uncertainties in model and meteorology. 
e. Weathering and redeposition of particles. 
f. Decay. 
2. Observed patterns of local fallout: 
a. Patterns of external radiation in Nevada and the PPG. 
b. Radiation levels as a function of time. Radiation dose to unpro- 
tected persons as a function of time of fallout from fallout. 
e. Fractions of fallout observed locally. 
d. Factors affecting patterns of fallout. 
e. Physical, chemical, and radiochemical properties. 
f. Deposition of toxic materials. 
C. Intermediate and delayed fallout: 
1. The production and distribution of fallout in the atmosphere: 
a. Dependence on height of burst, yield, type of explosion, and 
scavenging material. 
b. Observed or inferred physical, chemical and radiochemical prop- 
erties, with special reference to fractionation. 
c. Division of material: (local), tropospheric, and stratospheric; de- 
termining conditions. 
2. Transport through and removal from the atmosphere: 
a. The stratosphere: 

(1) Transport, mixing, possible methods of removal. 

(2) Storage time; cumulative worldwide fallout as a function 
of time; predictions of future fallout from single event; from past 
weapons tests. 

(3) Sources of information; measurements and estimates of 
radioactivity in stratosphere. 

b. The troposphere: 
(1) Tropospheric removal processes; storage time: 
(a) Precipitation, interception, dry deposition. 

(2) Possible regions of unusual removal (fallout) because of 
meteorology or topography: 

(a) Exposure to prevailing winds and the sometimes accom- 
panying effect, orographic rainfall. 

(b) Effect of large bodies of water on the distribution of 
fallout on adjoining land areas. 

(83) Meteorological tracking and other discussion of transport. 

8. Observed deposition on the ground: 
a. Geographical distribution ; dependence on physical factors 
b. Physical, chemical, and radiochemical properties, with special 
reference to fractionation. 
c. Measurement techniques and limitations of the data: 
(1) gummed paper, (2) gauze, (3) pots, collection of rainfall, 
and (4) soil samples. 
4. Quantitative predictions of future fallout: 
a. From past tests. 
b. From future tests, 


Ne 
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D. Interrelationships between study of fallout and study of ee con- 
tributions of fallout studies to meteorology. 

VII. Local fallout: The mechanisms by which it ean affect man and the 
measures he can take to minimize exposure (oral, inserts, bibliography). 

A. The relative importance of external radiation compared with internal radio- 
active emitters for the local fallout situation: 

1. The source of the external radiation: 

a. Properties. 
b. Decay. 

2. Internal emitters: 

a. Radioiodine, inhalation and ingestion. 
b. Other emitters. 

B. Shelter and shielding and their effects. 

Cc. Other immediate emergency measures that can reduce hazard. 

D. Dose and dose-rate versus time. 

VIII. Delayed fallout: The behavior in geological and physical processes and 
the mechanisms by which delayed fallout enters into the biological processes 
and reaches man (oral, inserts, bibliography). 

A. The relative importance of internal emitters compared with external radia- 
tion in general for the long-run fallout situation (other than local fallout). 

1. Factors of interest; criteria for deciding what radiation and which 
emitters should be worried about: 

Yield. 

Half-life. 

Physical distribution. 

. Physical, chemical, and radiochemical properties. 

. Uptake by plants from soil. 

Uptake by animals and man from diet, water, and air. 
. Retention and distribution in man. 

Note.—This topie up to this point is primarily an orientation for the detailed 
treatment to follow in the remainder of this and the following topics. 

B. Deposition on and migration in soil and transport by surface waters. 

1. Dependence on chemical properties : 

a. Strontium, 

2 Cesium. 
Piutonium. 

. Rare earths. 

2. The effect of river basin and ground water flow patterns; the effect of 
porous substructure such as Idaho lavas; the effect of inland sinks such 
as Salton Sea. 

3. Effect of soil type and rock structure. 

4. Mechanisms for fallout penetration into soil. 

5. Decay. 

C. The effect of agricultural practices on the distribution of fallout. 

1. Possibilities for modifying agricultural practices. 

2. Possibilities for liming soils. 

D. The effect of fallout on water supplies for human, agricultural, and indus- 
trial use. 

1. Possibilities for water treatment. 

FE. Possibilities for modifying present food collection and distribution and 
handling systems to guard against hazard. 

I’. Behavior in oceans mixing above thermocline, waste-disposal techniques, 
and ultimate effects. 

G. Entry into biological processes, including man’s food chain. 

1. Deposition and retention on surfaces of vegetation. 

2. Uptake by vegetation from soil. 

a. Characteristics for various plants and yarious radioactive mate- 
rials: 
(1) Strontium. 
(2) Cesium. 
(3) Rare earths. 
(4) Plutonium. 
b. Dependence on soil characteristics. 
ce. Other factors: decay, biological half-life, effective half-life. 

8. Soil-plant discrimination factors. 

4. Uptake by marine life and algae. 

5. Uptake by animals, animal products, and man. 
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H. Retention and decay in animals and man. 
1. Distribution of fallout in body tissues, fluids, milk : 
a. Tendencies for localization : 
(1) Radioiodine. 
b. Dependence of equilibrium values on effective half-life. 


2. Discrimination factors (preferential uptake of particular fallout prod- 
ucts by particular species of plants, animals, and man); types and how 


measured or inferred: 
a. Experiments for determining discrimination factors. 
b. Numerical values for the various factors. 
e. Combining values for the individual factors. 
IX. A detailed discussion of the occurrence of strontium-90 and cesium-13 
in the atmosphere, biosphere, and its uptake and behavior in man (oral, inserts, 


aud bibliography). Nore.—Sr-90 will be outlined in detail below. 
torage time, and fallout rate from atmosphere: 
1. Combination of local and worldwide fallout of Sr-90 resulting from 


A. Distribution, s 
fractionation; long half-life; stratospheric holdup and mixing; decay. 
B. Deposition on soil and plants—variations of Sr-90 level in environment as a 
result of weapons detonated in a relatively short period of time—from a few 


moments to 2 or 3 years. 
1. Predicted fallout as a function of mixing and time. 
Effects of retention of fallout on surfaces of vegetation. 


”» 
The calcium model as a basis for predicting Sr-90 behavior. 
1. Similarities and differences in behavior in the biosphere and in man. 


C. 
a. How much do we know about calcium? 
b. How much do we know about strontium? 
2. Influence of amount of calcium in soil, diet ; dilution and discrimination: 
a. Dependence of occurrence of Sr-90 in animal and plant life on 
ealcium in soil and diet. 
b. Practicability of controlling occurrence of Sr-90 by adding calcium 
to soil and diet: 
(1) ealcium additives to milk. 
ce. Removal of Sr-90 from foods: 
(1) calcium considerations. 
D. Deposition in man—variations of Sr—90 level 
1. Function of age and time and location. 
2. Observed occurrence in man and corresponding observed occurrences 
in soil and food. 
E. Observed occurrence of Sr-90 in soil, food, and man (brief summary with 
detailed supplementary insert). 
I. Predicted occurrence from weapons tests held prior to 1957: 
1. Relation to accepted concentration standards (the basis of which is to 


be discussed later). 
Nore.—Cs-137 will be outlined below. 
G. Distribution in the physical environment: 

stratospheric storage, chemical properties, similarities to 


1. Half-life, 
potassium. 
37 in biosphere. 


2. Deposition. 
Occurrence in food supplies ; probable sources: 
vt 


H. 
1. Potassium model for discussing behavior of Cs 
J. Observed occurrence in humans—relationship to acceptable concentrations, 
on basis to be discussed later. 
K. Predicted occurrence in humans as a result of weapons tests to 1957. 
X. The effects of radiation on man (oral, inserts, bibliography). 


EF FECTS—PATH OLOGY 


SOMATIC 
A. Introduction and orientation: distinction between somatie and genetic 
effects, between acute effects of high-level radiation and long-term effects of 
low-level radiation and radioactivity, between damage per se and the standards 
developed to protect against damage. 


B. Early effects of exposure of animals and man to external radiation: 
Gamma and X-radiation: syndrome of radiation sickness: 


hi 
a. Fallout on Marshallese: Rongelap, Uterik: 
(1) Children recently returned to Marshall Islands. 


b. Los Alamos incidents. 
Other examples—radium. 


Cc. 
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2. Beta radiation—beta burns: 
a. Marshallese. 
b. Other examples—radium. 
C. Early effects of exposure to internal radiation. 
D. What are the criteria for picking out the harmful radioelements included 
in fallout? 
1. How sure are we that all the harmful ones have been picked out: 

a. Strontium. 

b. Cesium, 

ec. Rare earths, 

. Plutonium. 
e. Iodine. 
Pr. Delayed effects due either to single massive doses or to protracted chronic 
exposure; enumeration of effects of interest ; dose dependence : 
1. Examples. 
2. Relationships between the two types of dosings. 
F. Mechanisms and responses of man to radiation and radioactivity. 
1. Briefly review chain of events: 

a. Physical effects. 

b. Biochemical and chemical effects. 

e. Cellular effects. 

d. Effects on whole organism. 

2. Processes of physical interaction—physical effects : 

a. Significance of alpha, beta, gamma rays, and neutrons in the process. 

b. Significance of these rays with regard to penetration and whether 
introduced within the organism or arising from outside. 

8. Chemical and biochemical changes: 

a. Direct effect of ionization on vital cell molecules. 

b. Indirect effects as a result of ionization of water in the presence 
of oxygen. 

e. Relationship and importance. 

4. Cellular changes: 

a. Range of sensitivity of cells (list most sensitive—gonads—to least 
sensitive—nerve, muscle, bone). 

b. Relate sensitivity of nucleus to cytoplasm. 

5. Effects on the whole organism : 

a. Range of survival dose on mammals (guinea pigs 200 r., rabbits 
800 r.). 

b. Compare with nonmammalian radiation (virus, for instance, 
1,000,000 r.). 

(1) Point out species variation and position of man. 
6. Clinical syndrome in man (nausea and vomiting, hematopoietic depres- 
sion, epilation, bleeding, ete.) : 

a. Special place of hematopoietic response to radiation. 

b. Delayed effects. 

(1) Reduced longevity. 
(a) reduction in life expectancy—validity of concept at low 
levels of radition. 

(2) Production of leukemia and neoplasms (tumors). 

G. Relationships of damage mechanisms to dosages. 
1. Aplastic anemia, leukemia, and cancer as a result of exposure to radi- 
ation: 

a. Doses at which observable damage occurs; relationship of probabil- 
ity of damage to dose and dose rate; latent periods; doubling doses; 
relationship to tissue irradiated, 

b. Relative importance of cancer and leukemia under various condi- 
tions: external source; exposure of various critical organs to radiation 
froin external and internal sources: lungs, gut, thyroid, skeleton, etc. 


a 


GENETIC EFFECTS 


H. The nature of genetic effects: evidence, experience, data. 
J. Relationship between radiation and change in mutation rate: 
1. Natural mutation rate (2 percent). 
2. Dose necessary to double mutation rate (50r.). 
8. Apparent linear nonthreshold relationship between dose and effects. 
4. Cumulative character of genetic effects. 
5. Mechanics of introducing and eliminating mutants in genetic pool. 


93299°—57—pt. 1——-2 
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K. Predicted increase in mutation rate as a result of postulated increase in 
radiation levels from fallout: 
1. Effects on population, as individuals and as a whole. 


METILODS AND STANDARDS OF RADIATION PROTECTION AS APPLIED TO FALLOUT 
PROBLEMS 


IL. Standards for external-radiation effects: the concepts and definitions re- 
lating the amount of damage to the amount and kind of radiation causing the 
damage : 

1. Definitions and concepts behind the units used for dose rate, cumulative 
dosage, biological effectiveness, ete.: the r, rad, rem, RBE; ionizing density; 
linear energy transfer. 

Kinds of radiation and varying conditions of exposure. 
Simplifying assumptions to get practical standards. 
4, Calculation of dose and dose rate resulting from several kinds of radi- 
ation acting together. 
5. Calculation of dose and dose rate resulting from one or several kinds 
of radiation acting on different parts of the body. 
M. Standards for internal-radiation effects: 
1. Definitions and concepts behind the measurement of internal body- 
burdens and dosages; the models used: 
2. Maximum permissible concentration, 
b. Safety factors: 
(1) Population versus occupational dose. 
(2) Young versus adult 
(3) Whole body versus localized dose. 

ec. Relationships between internal and external radiation dose, 

2. Calculation of cumulative dose rates and dosages from external radia- 
tion and internal radiation of various kinds and under various conditions 
of exposure, 

N. Philosophy: the assumptions and models behind the establishment of the 
standards: 

1. Historical trends to the present and trends for the future. 

2. The validity of the assumptions now used in the light of up-to-date 

knowledge. 

3. Possibility of hazards resulting from low-level exposure: threshold 
considerations : 

a. Why do we not know whether or not there is a threshold for each 
of the various radiation effects of interest? Ilow and when can we 
improve knowledge on this point? 

b. A radiologist may believe that the existence of a threshold is prob- 
able or he may not—what are the pros and cons? 

«. What about the acceptability of the currently recommended stand- 
ards under either belief of (b) ? 

4. The probable trend of the standards for the future: 

a. Will new standards have to be developed to cover certain hazards 
not now adequately protected against? 

b. Are the standards defined in snch a way that they can be ranked 
for any given situation so that the proper standard among several can 
be chosen to give the least likelihood of hazardous exposure? Is there 
any ambiguity if several standards apply? 

c. Do there now exist, or are there likely to be, different standards in 
use by the United States and other governments, or by the United States 
and States and municipalities? 


” 
>. 


SPECIFIC QUESTIONS FOR DISCUSSION 


A. All low level effects are extrapolations from high level effects, Tow secure 
is this extrapolation? Discuss its relationship to the nonthreshold character of 
enetic effects, and to the question of threshold of bone cancer. 

B. Are there any distinctions between temporary and permanent (long term) 
damages, between repairable and irreparable damage? 

C. Are there special criteria for small groups of persons as compared with 
large populations with regard to radiation? Is there a difference between small 
and large populations? Between large populations and the whole population? 
Does the distinction apply only to genetic effects? 
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PD. Discuss the known effects of radiation on such aspects of the human being 
as mental posture, personality, intelligence, other, ete. 

hE. Are there any chemical reinforcements of body defenses against radiation? 
What about drugs recently announced as being of possible use for X-ray dosages? 

F. What is to be gained or lost by the recordkeeping recently proposed for 
each person covering his lifetime history of radiation dosage? 

G. How much radiation and radioactivity was man naturally exposed to and 
medically exposed to before weapon firing began? 

H. Are the dosage standards for individuals and populations adequate for 
Sr-90? What are the factors for genetics, skeleton age, age of individual, health 
of person, etc.? 

J. How adequate is the radium model as a basis for predicting Sr-90 damage 
in man? 

K. What is the behavior of radioiodine in man from a damage and dosage 
point of view? What about Cs—137, C-14, etc.? 

L. Is the biological effect of Sr-90 and its daughter Y-90 similar or the same 
as that of external radiation of any sort? 

XI. The Impact of the Present State of Affairs: Summary, Interrelationships, 
and Implications on Policy (oral, inserts, bibliography). 

A. In essence, what is the state of our knowledge in the areas discussed as 
relevant to the “fallout problem”; what do we know about: 

1. The amount of radiation and radioactivity released by weapons fired 
to date. 
(a) by the United States. 
(b) by others. 
2. The amount of local and delayed fallout created by these weapons, 
3. Where this fallout is: 
(a) How much has decayed. 
(6) How much has fallen out and where. 
(ec) How much is still up there and where. 
4. What has happened to the ground fallout that has fallen out: 
(a) How much got on or in soil and where. 
(6) How much got on plants. 
(c) How much got in the ocean, 
(d@) How much got elsewhere. 
(e) How much of all this has decayed after it fell out. 
(f) How much has directly affected man as external radiation. 
(g) How much as internal radiation. 
5. The mechanisms by which fallout gets distributed in the atmosphere 
and on the earth. 
6. The mechanisms by which fallout gets into the biosphere and to man— 
or gets to man directly. 
7. The mechanisms by which exposure to fallout leads to damage. 
8. The amount of damage, if any, that man has so far sustained from 
fallout. 
9. The mechanisms and measurement of biological damage from radiation. 
10. The relationships between damage and dose. 
B. Using the knowledge now available, how well can one predict—and how 
would one predict—the following: 

1. The amount of fallout still to fall out from weapons already fired. 

2. Where this fallout will fall out. 

3. What will happen to it: 
(a) How much will decay or otherwise be harmless. 
(b) How much will directly affect man as internal or external 

radiation. 

(c) How much damage, if any, man will suffer from it. 

C. Using the knowledge now available, how much information does one need 
to postulate concerning the characteristics of future weapon firings (test or war) 
so that one could predict with a certainty appropriate for policymaking purposes 
the same sort of information as discussed above for future firings? 

1. Is such a prediction possible even assuming unlimited information con- 
cerning the firing characteristics? How would it be made? 

2. Is a postulated rate of firing (yield per unit time) meaningful? What 
in principle does “present rate of firing’ mean? Is a postulated rate of 
a sufficient information by itself for making the sort of prediction named 

ere? 
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3. How does one take into account such problems as divers sites of firing, 
firing of weapons whose characteristics are not known, differences in weapon 
type and burst? 

4. Are the present eriteria for biological damage adequate and are the 
related measurements adequate so that one could predict with a certainty 
appropriate to policymaking the future hazard, if any, owing to future 
weapon firings—even if he could forecast how much fallout there would be 
and what would happen to it? If the criteria are adequate, how are they 
put together? 

5. If one had before himself a working definition of hazard that was 
satisfactory from a moral or ethical, social, political, and economic point 
of view, and if this definition was stated in terms of measurable or ob- 
servable phenomena in nature (including man), does sufficient information 
exist so that he could determine, again with a degree of certainty appro- 
priate to policymaking, whether or not a hazardous situation exists now or 
will exist in the future for various possible circumstances of weapon firings 
and radioactive fallout? Could he determine the degree of hazard? If 
their answers are “No,” is it possible to state what information is lacking 
and how it might be obtained? 

XII. The impact of the present state of affairs: What should the research pro- 
gram in the physical, geological, biological, and medical sciences be? (oral, in- 
serts, bibliography). 

A. Information sources and distribution. 

1. Do and must private research groups depend on the Government, 
particularly the AEC, for most of their data? To what extent does the 
depth and breadth of the research program rest on what the Government 
is doing and on what the Government is willing to turn over to private re- 
search institutions? 

2. Is scientific information adequately and promptly distributed and 
available? 

3. To what extent are Government classification and other information- 
withholding mechanisms interfering with the distribution of information 
to the public and to scientific groups? 

4. How much and what kind of data on radioactive fallout remain classi- 
fied? What justification is given by AEC and other Government agencies 
for continued classification of such information? How much effort does 
the Government make to let it be known that material has been declassified 
after that action has actually occurred? 

5. Is information exchange occurring properly between the United States 
and foreign countries and the U. N.? Is the United States adequately repre- 
sented on international scientific and policymaking groups related to this 
problem ? 

B. The research program: What is the extent of research on radioactive 
fallout? 

1. Is the AEC presented with a conflict of interest when it is required 
to act on the one hand as an agent in developing nuclear weapons, and on 
the other hand as an agent in providing safeguards against weapon hazards? 
If a conflict does exist, what would be effective ways of removing or at 
least minimizing it? 

2. How much of the research is being done by the Government and how 
much by private research groups under Government sponsorships and with 
Government funds? 

3. Are there serious soft spots in either the experimental or theoretical 
aspects of the sciences related to fallout; in particular are there any that 
limit a thorough understanding of the civilian and military implications of 
fallout? 

4. How well is the research program in balance? 

5. Is the general level of the research program adequate in view of the 
obvious policy implications of fallout in such areas as weapons testing, nu- 
clear weapons bans, civil defense, the military posture? 

6. Is the scope of inquiry on fallout problems broad enough so that it is 
not likely that the United States could be surprised by an enemy using the 
properties of fallout in a manner that we have no notion of how to cope with? 

7. Is the atmospheric, biospheric, and medical sampling program adequate? 
Should more work be done, for example, on determining the normal in- 
cidence of bone cancer in areas of various background levels? 
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8. What, if any, data should be sought after urgently on grounds that it 
may never again become available assuming tests continue; that is, what 
virgin data and what check points should be found? 

9. Should the United States prepare, through cooperative programs, to 
process fallout samples from all parts of the world? 


10. Are Federal funds made available for fallout research adequately 
protected? 


11. Is cooperation between Government and non-Government research 
adequate? 


12. If the program is inadequate, should Congress increase appropria- 
tions for fallout research? 
Cc. JCAE information. 


1. Should the results of fallout research be made available to and reviewed 
by the JCAE as well as the AEC? 


2. Would the creation of a special group of scientists be an effective way 
of reviewing information and resolving differences of opinion? 
3efore announcing our leadoff witness, I would like to announce 
that this afternoon we will have the subjects of The Production of 
Radiation and Radioactivity by Detonating Nuclear Weapons, and 
Atmospheric Transport, Storage and Removal of Particulate Activity, 
and as witnesses we will have Dr. Alvin C. Grav es, Los Alamos Scien- 
tific Laboratories; Dr. Frank Shelton, Armed Forces Special Weapons 
Project; General Alfred B. Starbird, Division of Military Application 
of the Atomic Energy Commission ; and Dr. W. W. Kellogg of the 
RAND Corp. 

Leading off today will be Dr. Dunham, Director of the Division of 
Biology and Medicine of the Atomic Energy Commission. First, I 
would like to qualify Dr. Dunham for the record. 

I see you received your M. D. at the Rush Medical College of the 
University of Chicago, that you taught there for many years, vand that 
you have served in various capacities with the Atomic Energy Com- 
mission since its establishment in 1946. Most recently you have 
been Chief of the Medical Branch and then Deputy Director, of the 
Biology and Medical Division of the AEC. 

We are glad to have you with us today, Dr. Dunham. As I under- 
stand it, you are going to give a brief general background of the prob- 
lem. Would you please proceed, 


STATEMENT OF DR. CHARLES L. DUNHAM, DIRECTOR, DIVISION 
OF BIOLOGY AND MEDICINE, ATOMIC ENERGY COMMISSION? 


Dr. Dunnam. Mr. Chairman, I appreciate very much the privilege 
of being called to testify before your subcommittee on the very im- 
portant subject of the nature of radioactive fallout and its effect on 
man. In my own capacity as Director of the Division of Biology and 
Medicine of the Atomic Energy Commission, I feel that I can properly 
claim a certain perspective on this subject which may be helpful to 
you as you prepare to hear testimony from the outstanding technical 
experts invited to detail for you from their own researches and ex- 
perience the many facets of this problem. 


Date and place of birth: December 28, 1906; Evanston, Ill. Education: Bachelor 
of arts, Yale University, 1929; doctor of medicine, Rush Medical College, University of 
Chicago, 1933. Work history: University of Chicago, assistant and instructor, 1986-43 ; 
U. S. Army Medical Corps, medical officer; chief, Preventive Medicine Section, 1943-46 ; 
University of Chicago, assistant professor of medicine; medical consultant, 1946-49; 
Atomic Energy Commission, Assistant Chief, Medical Branch, Division of Biology and 
Medicine, 1949-50; AEC, Chief, Medical B ranch, Division of Biology and Medicine, 1950- 
54; AEC, Deputy Director, lege of Biology and Medicine, 1954-55; AEC, Director, 
Division of Biology and Medicine. 1955—. (Submitted by Atomic Energy Commission.) 
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The one property of fallout from nuclear weapons which is of inter- 
est in connection with these hearings is its radioactivity. Radioac- 
tivity, of course, is not new. While it has been recognized by man for 
only the last 60 years, it has always existed in some degree throughout 
the earth—in rocks and soils, in the water we drink and in the food 
We eat, and of course, in our own bodies. 

Perhaps the radioactive material best known to the public before 
the advent of strontium 90 was radium, of which the most commonly 
used radioisotope is radium 226. Radium, concentrated from certain 
ores, has long been an article of commerce. Its interest to man has 
been almost entirely due to its radioactivity; that is, to the fact that 
its atoms spontaneously change into atoms of another chemical ele- 
ment and, in so doing, emit radiation from their nuclei. Radiation 
from radium and from its radioactive decay products is used to acti- 
vate the luminous dials of our alarm clocks and our wristwatches; 
in sufficient quantity it may be used to treat cancer or to test the in- 
tegrity of a welded steel joint. 

We recall also that, although small quantities of radium have always 
been one of the constituents of the human skeleton, a few years after 
the First World War the public was shocked that many painters of 
luminous dials and other radium workers were dying as a result of 
radiation from radium in their skeletons—from skeletal contents of 
radium thousands of times as large as those which occur naturally, In 
the ensuing 30 years, the radium industry has achieved high standards 
of safety in the handling of radium, while. radiobiologists have de- 
veloped an imposing amount of information concerning the effects 
of radiation on man and on other forms of life. Yet the phenomenal 
increase in the importance to man of radiations from radioactive ma- 
terials from other sources during the past 15 years have made drastic 
demands upon this knowledge. The result is that, while the best in- 
formed radiobiologists are keenly aware of the limits of our knowledge, 
many persons with various degrees of understanding of the relation- 
ships involved are anprehensive, and many others are confused. 

I believe it is the purpose of this hearing to examine as critically as 
possible the biological implications of possible increases in the exposure 
of man to radiations from radioactive materials and from other sources. 
The most immediate interest, since for various reasons this has been 
given the greater publicity, is exposure to radiations from those 
partic ular radioactive materials which have resulted, or may be ex- 
pected to result, from the detonation of nuclear weapons. 

Before the hearings go into detailed technical discussions, I would 
like to spend a few minutes trying to give some feeling for the nature of 
radioactivity, of radiation, and of the biological effects of radiation. 
While there are several hundred different radioactive isotopes, or 
species of atoms, they account for only 3 or 4 kinds of radiation of 
intercst in these discussions. These radiations are commonly called 
ionizing radiations, because the amount of energy contained in a single 
unit of the radiation as emitted by an individual atom, is sufficient to 
disrupt or ionize other atoms by separating electrons from them. 

One type of radiation which will be of frequent interest in these 
discussions has many of the characteristics of visible light. It 1s 
commonly called X-radiation or gamma radiation, depending upon its 
crigin. 2\-rays are well known for their ability to penetrate relatively 
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large thicknesses of materials. Variations in penetration depending 
upon the density of materials are the basis for the diagnostic use of X- 
rays in medical practice and for their use in radiograph. Two other 
types are more like particles, much smaller than ‘atoms but moving 
with speeds measured in thousands of miles per second. 

Most of us have difliculty in comprehending the significance of the 
very large and very small numbers required to desc ribe atomic proc- 
esses. One's reaction to the statement that the radioactive materials 
normally in the body cause millions of such missiles to plow through 
the body each day may be terrifyi ing, or dry, matter-of-fact, depending 
upon his knowledge of chemical and physical proe esses. It is much 
less impressive to say that as a result of this number of missiles moving 
through the cells of the body an average of 1 out of every 100 billion 
molecules is affected per year. In general, the effects on living cells 
of ionizing radiations are chemical in nature. Most of the chemical 

reactions which are induced differ in no way from the normal chemical 

reactions which occur in day-to-day body processes. Those induced 
by natural radioactivity are very few in number when compared with 
what is going on all the time. On the other hand, the *y are completely 
random in nature and consequently do not serve a physiological or 
useful function. Consequently, a basic question to be considered in 
these hearings is how much increase in the frequency of these random 
occurrences is required to represent a significant hazard to human 
welfare ? 

This question quite properly raises another. Why should we have 
any increase in our exposure to radiation? Let us stop a moment and 
consider one of the basic facts of life, namely, to attain any specific 
objective almost invariably involves the surrender of something else. 
Reluctance to face this issue is commonly described as wanting to 
eat one’s cake and have it too. 

The development of nuclear energy and the production of radio- 
active materials are insepaable. With moderate effort, we can pre- 
vent release of a large fraction of these materials. With greater ef- 
fort we can further reduce the release. However, if we continue to 
reduce the fraction we are willing to release, we eventually reach a 
cost of control which makes the operation prohibitive. At some point 
we must balance the undesirability of further increase in the quantity 
of radiation to which we are subject against the benefits to be antici- 
pated from whatever application of nuclear energy we are consider- 
ing. To say that we will tolerate no increase in exposure to radiation 
is equivalent to saying that we will make no use of nuclear energy. 

This dilemma applies equally well to the use of radiation in medical 
practice. A physician uses X-rays to diagnose an injury or a disease 
because he believes that the benefits to the patient outweigh any detri- 
mental effect of the X-rays. ee the X-ray doses required for 
diagnosis are generally small, a physician could not justify exposure 
of the patient without some reason. A physician may use much larger 
doses on a patient suffering from cancer—in fact he may use doses 
which in themselves may induce cancer. The treatment is obviously 
justified when one weighs the anticipated benefits against the possible 
undesirable effects. In this case, the question is quite complex be- 
cause, while some of the undesirable effects may be certain, the cure 
of the disease may itself be in doubt. 
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The production of greater or lesser amounts of radioactive materials 
is an inevitable result of nuclear explosions. In succeeding testi- 
mony, witnesses will describe the processes by which such materials 
are disseminated in the atmosphere and are eventually deposited on 
the surface of the earth where they contribute to the exposure of man 
to radiation, both from locations outside the body and as a result of 
ingestion of radioactive materials which have gained access to the 
food supply. You will be given factual data on present levels of 
fallout radioactivity on the ground and in our bodies. Other wit- 
nesses will discuss in detail the present status of our knowledge of the 
biographical effects of large and small doses of radiation, however 
incurred, and the bases for some of the differing views of the effects 
cf very small doses of radiation. 

I believe th at one of the objectives of your committee in holding 
these hearings is to develop some basis for judging how undesirable 
any particular quantity of fallout might be. There is no question, 
of course, that any quantity of radioactive fallout is undesirable, just 
as any quantity of exhaust gases is undesirable. Likewise, there is no 
question that as we proceed downward from lethal amounts of fall- 
cut, such as might be widely experienced in a nuclear war, to no fall- 
out at all, we pass through degrees of undesirability which decre: ase 
progressively to zero. In these discussions, we are seeking standards 
of evaluation which can aid us in weighing the degree of undesir- 
ability of any given level of fallout against the advantages which 
may be anticipated from activities which are inevitably accomplished 
by fallout. 

Although the testimony which you have scheduled for these hearings 
does not include the mi ijor consider ations which must be we ighed 
against the undesirable nature of fallout in order to justify any par- 
ticular amount, I am sure that neither the members of your commit- 
tee nor individual witnesses can avoid thinking of fallout in such 
terms. It is my hope, and I am sure it is yours, that during the techni- 
cal presentations of the biological effects of radiation, the discussions 
of opposing theories concerning these effects will not become con- 
fused by the controversial aspects of other policy considerations. 

Thank you. 

Representative Horrrmerp. Thank you, Dr. Dunham, for your state- 
ment. 

Dr. Dunuam. Mr. Chairman, may I introduce into the record cer- 
tain documents and papers which Dr. Libby has asked me to bring to 
the committee ? 

Senator Anperson. Can he indicate what they are, Mr. Chairman? 

(The list of material referred to follows :) 

1. Strontium 90 concentration data for biological materials, soils, waters, 
and air filters. Project Sunshine bulletin No. 12. By E. A. Martell. August 
1,1956. [AECU-38297 (Rev.).] (See p. 617.) 

2. The Chicago sunshine method. Absolute assay of strontium 90 in 
biological materials, soils, water, and air filters. By E. A. Martell. May 1956. 

AECU-3262. 

; 3. ssubicanioes strontium fallout. By W.F. Libby. Proceedings of the National 
Academy of Sciences, vol. 42, June 1956: 365-890. (See p. 1468.) 

4. Current research findings on radioactive fallout. By W. F. Libby. Pro- 
ceedings of the National Academy of Sciences, vol. 42, December 1956: 945-962. 
(See p. 1494.) 

5. Radioactive fallout. By W. F Libby. Remarks before the spring meeting 
of the American Physical Society, Washington, D. C. April 26, 1957. (Pro- 
ceedings of the National Academy of Sciences, in press.) (See p. 1519.) 
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6. Dosages from natural radioactivity and cosmic rays. By W. F. Libby. 
Science, vol. 122, July 8, 1955: 57-58. (See p. 1459.) 

7. Radioactive fallout in the United States. By Merrill Eisenbud and J. H. 

arley. Science, vol. 121, May 13,1955: 677-680. 

8. Radioactive fallout through September 1955. By Merrill Eisenbud and 
J. H. Harley. Science, vol. 124, August 10,1956: 251-255. 

9. Strontium 90 in man. By J. L. Kulp, W. R. Eckelmann, and A. R. 
Schulert. Science, vol. 125, February 8, 1957: 219-225. (See p. 694.) 

10. Worldwide travel of atomic debris. By L. Machta, R. J. List, and L. F. 
Hubert. Science, vol. 124, September 14, 1056: 474-477. (See p. 162. 

11. Project Sunshine. Worldwide effects of atomic weapons. The RAND Corp. 
August 6, 1953. [R-251-AEC (Amended).] 

Representative Horirietp. This material will be received for con- 
sideration by the committee, and its staff, with the disposition to be 
determined by the committee. 

Dr. Dunuam. Thank you very much. 

Representative Hortmicip. Are there any questions of Dr. Dunham 
at this time from members of the committee ? 

tepresentative Coir. Yes, Mr. Chairman. 

Representative Horirietp. Mr. Cole, 

Representative Cote. Dr. Dunham, you indicated that man first 
discovered the existence of radioactivity 60 years ago. Would you 
mind indicating very brieily what the circumstances were in connec- 
tion with that discovery ¢ 

Dr. Dunnam. There were two circumstances. One, of course, was 
Bequerel’s discovery of radioactivity in uranium ores, in which he 
was siudying fluorescence and laid a piece of uranium ore against a 
photographie film. He left it in his drawer for several years, and 
found the film was faulty. 

‘The other was the discovery of roentgen rays by Roentgen, who was 
at that time doing research with cathode rays. 

Representative Cote. When was radium first discovered, or real- 
ized ¢ 

Dr. Dunnam. About 1896. I do not recall the exact date. But the 
radioactivity of uranium was discovered about that time, and within 
a year or two Madame Curie was working industriously on separating 
out radium as the active principal. 

Representative Coir. Radium was discovered along about the same 
time as the fact of radioactivity ¢ 

Dr. Dunuwam. That is right. 

Representative Coir. In different elements was discovered ? 

Dr. Dunnam. That is right. 

Representative Horirmip. Are there any further questions? 

Representative Price. I would like to ask one question. 

Representative Hortrietp. Mr. Price. 

Representative Price. Dr. Dunham, in your statement you referred 
to the use of radium in painting luminous dials of watches. You made 
a general statement that there was found to be a number of the paint- 
ers of these luminous dials dying from their work. Do you have any 
record of the number of such casualties ? 

Dr. Dunnam. It was up toward a hundred. It occurred in the 
early twenties. 

Representative Price. For what period of years were they engaged 
in the work before these casualties began to occur ¢ 
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Dr. Duniam. Most of this work was done during World War I, 
painting dials not so much for watches, but for other military equip- 
ment. It was along about 1928 or 1924, I believe, that the first cases 
came to the attention of Dr. Martland. 

tepresentative Price. Is there any way to give any appraisal of the 
amount of radiation which they were dealing with in that type of work, 
compared to the amounts of radiation which people in the atomic 
energy program are dealing with every day ? 

Dr. Dunnam. W ell, the quantities in total of radium were in- 
finitesimally small compared to the amounts of number of curies we 
deal with today. On the other hand, the amounts they ingested were 
hundreds, and probably thousands, ‘of times what are considered a 
maximum permissible body burden tod: ay. 

Representative Price. Can you give any estimate on the relative 
comparison of the record of casualties as between the two different 
programs ? 

Dr. Dunnam. We do not believe that there is anybody associated 
with the Atomic Energy Commission program, or the Manhattan Dis- 
trict program who will have any such outcome as a result of ingestion 
of radioactive material. There are a few persons in the early days 
who got a little more plutonium, who were just above the permissible 
body burden. 

Representative Price. What is the reason for the greater evidence of 

safety in the handling of ereater quantities of radiation now than in 
the early di ays in the painting of luminous dials, used in very small 
qui untities 

Dr. Dunnam. I think it was the experience in the luminous dial 
industry that made everybody particularly careful. 

As some of you will recall, the problem of internal emitters, spe- 
cifically with reference to plutonium, was the most troublesome one, 
and the one which more effort was put into to control by very elaborate 
ventilating procedures, use of dry boxes, and the like. 

Representative Price. That isall I have, Mr. Chairman. 

eae ae ive Horirtetp. Senator Anderson ? 

nator Anperson. Dr. Dunham, I have seen an advance copy of 
a magazine article that is soon to appear in a very reputable magazine, 
and I do not want to spoil it for the magazine by going into details. 
But, among other things, it suggests that when these ‘rounds of reactors 
are finished, that the *y will regularly discharge in the atmosphere con- 
siderably more radioactive fission products than many of the hydrogen- 
type bombs. Will there be a place in this hearing where that can be 
considered? Is it something that should be evaluated and explored ¢ 

Dr. Dunnam. I do not know what the wishes of the committee are 
on that. It was our understanding that the hazards from reactors 
would be touched upon somewhat by Dr. Mills, who, I believe, follows 
me. But I do not think there is any place, as far as I know. Mr. 
Hollister would know the answer there. 

Representative Horirierp. The Chair might say that we do not 
intend to explore the hazards from nuclear reactors in detail in this 
particular set of heari ings. However, we are certainly not precluded 
from going into it at a later time. 

Dr. Dunttam. Yes. 

Representative Horry. But we will, of necessity, have to refer to 
this type of radiation from time to time. 





RADIOACTIVE FALLOUT AND ITS EFFECTS ON MAN 19 


Dr. Dunnam. Yes. 

Senator AnpErson. Do you think it would be possible to get a scien- 
tific appraisal of the total amount of radioactive fission products to 
be put into the atmosphere when Commonwealth Edison gets its re- 
actor running, and when Consolidated Edison gets its reactor running, 
and when Detroit Edison gets its reactor running, and when we have 
a dozen other operations of this 100,000-kilowatt size ? 

Dr. Dunnam. I think once the actual final design has been settled 
on, the characteristics known, it will be relatively simple to calculate 
that. 

Senator Anperson. The design for Detroit-Edison must be pretty 
well decided, since they have broken ground for it. They are going 
to break ground for the Commonwealth Edison plant about June 14 
or June 19. And Consolidated Edison is going to build. Could not 
somebody evaluate that? 

Dr. Dunnam. I think it could be done. 

Senator Anprerson. Has your office made any evaluation? 

Dr. Dunnam. We would work with the reactor radiation hazards 
group on it. We would be very happy to evaluate some information 
here. You are talking about the normal operation of reactors? 

Senator Anperson. Yes. There has been a good deal said about the 
testing of atomic weapons, and I have some worries, along with others, 
about that. If we can ignore testing because the daily run-of-the-mill 
operations of these reactors is going to place more radioactivity in the 
atmosphere than testing, he should pay some attention to that, too, 
should we not? 

Dr. Dunnam. I think one should. I would be very surprising if 
this were the case, however. 

Senator Anperson. How would we go about getting a jury that 
would give some sort of answer that the common people can trust? 
You can get one group of scientists together, and they say one thing, 
and you get another group together, and they say another thing. 
What does a man who is not a scientist have that he can tie to? 

Dr. Dunnam. I think it is always important to ask your questions 
of the scientist who has worked diligently on the particular subject at 
hand. 

Senator Anperson. I do not know who Dr. Pauling is out in Cali- 
fornia, but he has some ideas, and Mr. Muller has some ideas, and 
various people have ideas. Are they to be excluded just because they 
do not work for the Atomic Energy Commission, or have any con- 
tract from them? 

Dr. Dunnam. No; this was not my intention. I was merely sug- 
gesting, in the particular reference to the reactor problem that you 
ask the question of reactor engineers who can define the amounts of 
releases that will normally take place. 

Senator Anperson. They do not have too much experience them- 
selves in the operation of a reactor to show what might take place. 

Dr Dunnam. I think the Commission has had a considerable ex- 
perience with a variety of experimental reactors—small, but still they 
have the same inherent characteristics of the larger ones. 

Senator Anprerson. Yes; they had experience with the prototype 
that went into the Seawol/, but when it got there it performed differ- 
ently than all the prototypes had performed. Therefore, should we 
only trust this theoretical appraisal ? 
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Dr. Dunnam. The only other answer is that this will have to be 
proven as these reactors are started up. But I think some very 
useful information could be developed prior to that. 

Senator ANpEersoNn. We had a meltdown of the EBR, and we have 
had some other things going on. I realize it is nice to say you must 
get your answer from the person who is in the field, but probably along 
the line somewhere they had to take some new ideas back as far as 
{instein’s whole theory. 

Dr. Dunnam. Surely. 

Senator Anperson. There are a great many scientists that are 
worried, are there not, Doctor ? 

Dr. Dunuam. I think there is no question about it. 

Senator Anverson. Did you read the news story, I believe, oo 
morning, that somebody was circulating a roundrobin among scientist 
who might express their views ? 

Dr. Dunnam. Tamaware of that. 

Senator Anprrson. How do you account for the fact that these 
people can read all this nice literature that the AEC has put out, 
giving them absolute assurance, and still be scientists, and they are 
still worried ¢ 

Dr. Dunuam. I wonder if they are so worried about the fallout as 
they are about the spread of nuclear war ? 

Senator Anprerson. You mean they are not sincere ? 

Dr. Dunnam. No. 

Senator Anperson. What do you mean ? 

Dr. Dunnam. I would like to call your attention to what Dr. 
Arthur Holly Compton said the other day. 

Senator Anperson. I saw that. E verytime one man comes out on 
one side, the AEC produces one on the other side, and we who stand 
in between are preplexed. 

Representative Corr. The record will not show what Dr. Compton 
said, and I suggest you allow him to indicate that. 

Senator Anperson. Go right ahead, Doctor. What did Dr. Comp- 
ton say ? 

Dr. Dunnam. Tam afraid I no longer have it with me. I brought it 
over this morning. 

Senator Anperson. I am sorry. It will probably be better, if Mr. 
Cole is willing, to have it come at a later time. 

Representative Corr. I was going to ask, could not Dr. Dunham 
give his understanding of Dr. Compton’s statement, not quoting him 
verbatim, but the substance of his statement. I do not know what it 
was, and I seek to know what it was. 

Dr. DunuaAm. His statement was generally to the effect that he was 
as sincerely interested in peace as Dr. Schweitzer was; that is why he 
was in Stockholm with the World Federalist Movement, which is ¢ 
peace movement. But he felt that Dr. Schweitzer has grossly exag- 
gerated ‘ee hazards of fallout: and further, this was not the way to 
approach a permanent peace in the world, by simply exaggerating 
the haz: ards of fallout from what was tested. 

Senator Anperson. We have many witnesses, and I do not wish to 
prolong this. I would just hope, Dr. Dunham, because we all have a 
great deal of confidence in you—and justifiably so—that you might 
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indicate how we might go about reaching a determination as to how 
the average man can have his fears allayed, He looks to two con- 
flicting groups of scientists, and they tell diametrically opposite 
stories. It is pretty hard for one in between to decide which one is 
right, and which one is wrong. 

"That is all. 

Representative Hotirreip. Are there further questions? 

Senator Bricker. 

Senator Bricker. Just one question. You said, I believe, a moment 
ago, in your colloquy with Senator Anderson, that in your judgment 
there is no anticipated danger of fallout from the reactor program ? 

Dr. Dunnam. That is right. 

Senator Bricker. How far could it go before there becomes a danger 
of fallout? 

Dr. Duniam. I think one can have a great many reactors operating 
normally without any serious pollution of the world. 

Senator Bricker. There is a degree of pollution that come from 
normal operation, is there not ? 

Dr. Dunnam. Yes, but relatively small. 

Senator Bricker. Relatively small. Excessive pollution would only 
come from a breakdown ? 

Dr. Dunnam. From a specific accident in a reactor. 

Representative Houirretp. Mr. Durham. 

Chairman Durnam. Since the Government Agency of AEC under 
your direction is, of course, one of the prime agencies from which we 

can secure information that is w orthwhile, would you give to the com- 
mittee just how many you have in your dpeartment, the number, and 


how you evaluate the problem, and give the committee a little back- 
ground 


Dr. Dunnam. Yes. 

In the Division of Biology and Medicine, we currently have 67 
people, including secretaries, mail clerks, and the like. 

As you know the Commission’s operations are generally by contract. 
We also have related to us in the New York office, the Health and 

Safety Laboratory, which has about 70 or 80 people who actually do 
tec hnical scientific work on the analyses of fallout material and the 
like. 

This relatively small staff means that we have to work very closely 
with our prime contrac tors, with people in other agencies, and at our 
university projects in leaning very heavily on them for guidance in 
the ac tual development of information. 

Chairman Duruam. Can you give the committee the number of con- 
tracts you have with medical institutions throughout the country, 
actively working on this subject ? 

Dr. Dunuam. I do not know that I can limit it to medical institu- 
tions. 

Chairman Duriam. Not necessarily that, but I mean people that 
are in the field of biology and medicine. 

Dr. Dunnam. The whole field ? 

Chairman Durnam. The whole field. 

Dr. Dunnam. This would be a matter somewhere between 500 and 
550 at the present time, from little contracts of a few thousand dollars 
a year, to very large ones. 
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Chairman Dunnam. Then you have under your direction over 500 
scientists, we would call them, in the field of biology, as to the radia- 
tion hazards on man? 

Dr. Dunnam. No. In the first place, they are not under our direc- 
tion in that sense. In the second, many of ‘these people are working 
in the peaceful uses of atomic energy in the field of agriculture and the 
like. On the other hand, there is a great deal of work that goes on, 
say, in the treatment of cancer which is terribly important to our un- 
derstanding of the effects of radiation. 

C hairman Durnuam. But, as I recall, in the Commonwealth Edison 
matter, in regard to the reactor safety, T believe you introduced in the 
hearings—I forget how many—almost a hundred pages, or something 
like that, of testimony as to the safety of that under your direction. 
Is that correct ? 

Dr. Dunnam. That was not under my direction, but it was a Com- 
mission activity. 

Chairman Durnam. The work was primarily done by you, was it 
not, and your staff ? 

Dr. Dunuam. I am not familiar with the document you refer to, 
We have about a hundred projects strictly in this field, related to fall- 
out, if that is what you are speaking of. But I am not familiar 
with just what document was introduced. 

Chairman Durnam. When you people down at the AEC labora- 
tories receive a complaint, or make a study, say, for instance, as you 
did on the radiation dial case, how do you proceed 4 Do you assign 
a group of biologists to that p: ticular complaint ? 

Dr. Dunnam. We find people who are interested in the problem, 
such as Dr. Evans of Massachusetts Institute of Technology, and give 
him all the funds he needs to go ahead and get ahold of these peo- 
ple, study them, and come up with answers. 

Chairman Duruam. There is no delay when you do have a com- 
plaint as to a hazard in entering into an inv estigation as far as your 
department is concerned ? 

Dr. Dunnam. As far as a specific hazard goes, that is a little dif- 
ferent. What I have been talking about is this long-term approach 
to the thing. 

If we are aware of a problem somewhere, we usually advise the 
Health and Safety Laboratory, or an operations office that a hazard 
is supposed to exist, and send somebody out to look into it right away. 

Chairman Duruam. That is all, Mr. Chairman. 

Representative Core. Mr. Chairman, following up Mr. Durham’s 
inquiry, which I think is very, very apt, could you indicate the num- 
Ler of scientists who are engaged in connection with these hundred 
contracts which you say the Commission has, with varied persons, 
from one person, I judge, up to an institution that may have several 
persons ? 

Dr. Dunnam. That is right. 

Representative Corr . But you say there are a hundred contracts 
the Commission has for study in connection with the field of radio- 
active hazards? 

Dr. Dunnam. Yes. 

Representative Coir. How many scientists do you estimate would 
be involved in that overall study ? 
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Representative Horirieip. The Chair might state that the staff has 
asked for a complete breakdown of the contracts and the men assigned 
to these different contracts, and that will be furnished to the committee. 

Dr. Dunnam. I will be glad to submit it for the record (see p. 1393). 

Representative Hotirietp. If you wish to respond in general, go 
ahead. 

Dr. Dunnam. It would be a number of times the number of con- 
tracts. 

Representative Core. As many as 500? 

Dr, Dunnam. Somewhere between 300 and 500, I would assume. 

Representative Van Zanpr. Mr. Chairman? 

Representative Hottrrecp. Mr. Van Zandt. 

Representative Van Zanpt. Dr. Dunham, in addition to the efforts 
that the AEC is making in this field, do you know of any other effort 
in the United States? 

Dr. Dunnam. Yes. The Public Health Service, through its En- 
vironmental Health Laboratory at Cincinnati, and its engineering 
laboratory, is making very important contributions. The Bureau 
of Standards is making very important contributions. The various 
branches of the Department of Defense are making important con- 
tributions, and the Department of Agriculture. 

Representative Van Zanpr. Do you coordinate your efforts with 
these various agencies that you named? 

Dr. Dunuam. Very definitely. 

Representative Van Zanpr. With respect to private industry—do 
you know of any corporation or business firm sponsoring a research 
program in this field 2 

Dr. Dunnam. How broad an organization do you have in mind? 
You mean to look into the whole problem of radiation safety ¢ 

Representative Van Zanpr. Yes. 

Dr. Dunuam. I do not know of any which has a whole division di- 
rected to that effort, other than in our prime contracts with large or- 
ganizations. Some of those companies have a real effort in their home 
plants too, but probably not comparable in size or scope to, say, what 
we have at Hanford in radiological safety. 

Representative Van Zanpr. Is it proper for me to assume that the 
information at your disposal reveals the best cross-section of effort is 
being made in this country at this time? 

Dr. Dunnam. I believe that is right, because we have access to all 
the work being done in other Government agencies, in close liaison. 

Representative Van Zanpr. That is all, Mr. Chairman, 

Representative Hortirreip. Senator Bricker. 

Senator Bricker. There are many university research programs be- 
ing conducted at the present time in this field of radiation hazards; 
are there not ? 

Dr, Dunnam. Very definitely, some with AEC funds, some with 
Health Service funds, some with university funds, their own en- 
dowment. 


Representative Hontrretp. Thank you very much, Dr. Dunham, for 
your statement. 

I might say the next witness, Dr. Mark Mills, of the University of 
California radiation laboratory, is a man of distinguished scientific 
background. He comes from one of the university projects, I under- 
stand, which is contracted for by the AEC. 
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Dr. Mark Mills, will you please come forward. 

Representative Corr. Could I ask that you give us a brief synopsis 
of Dr. Mills’ background ? 

Dr. Mus. Mr. Holifield, I wonder if I could use the blackboard, 
I think it will be a little more understandable. 

Representative Horirreip. For your presentation ? 

Dr. Minis. Yes, sir. 

Representative Hottrirerp. All right, Doctor, go ahead. 


STATEMENT OF DR. MARK MILLS, ASSOCIATE DIRECTOR, 
UNIVERSITY OF CALIFORNIA RADIATION LABORATORY ? 


Dr. Mirss. First of all I would like to thank you for the opportunity 
to sp eak before you. I believe this is a very welcome review of a 
problem that is troubling people. 

I would also like to say two things about my testimony : 

First of all, L will mention something about biological effects in order 
to tie the physical quantities to biological quantities. It was my under- 
standing this part of the testimony was to be background testimony, 
and it is very helpful in fixing ideas if one ties these things together. 

On the other hand, I want to be quite explicit and disqualify myself 
as a biological expert. So this is just to help to jell ideas and not to 
represent any expert understanding of the biological effects of radia- 
tion. 

Representative Horirietp. Doctor, we had asked you to give us 
background information on radioactivity and radiation. We under- 
stand that. 

Dr. Mitis. One of the things in the outline has to do with the 
roentgen, which is close to biological effects. 

Finally, I wanted to say I am going to give a descriptive picture of 
matter as current physics thinks of it, without trying to explain where 
all of the notions come from. 

Representative Hortrrerp. The Chair will again request, as he will 
with many of the witnesses, probably, that you make your presentation 
in lay terms as much as possible, so that the members of the committee 
can understand it. 


RADIATION AND RADIOACTIVITY 


Dr. Mints. Yes, sir, I hope very much it will turn out this way. 
Ihave been trying to do it in that way. 
1. The nature of matter 

In order to understand radiation and radioactivity and its effect, it 
is helpful to understand how physics people think of ordinary matter, 
or the matter we are used to, which comes in many different chemical 
kinds. 


Ordinary matter is made up really of five ingredients. 





2Date and place of birth: August 8, 1917; Estes Park, Colo. Education: Bachelor 
of science, California Institute of Technology, 1940: doctor of philosophy, 1948. Work 
history: Instructor, physics, California Institute of Technology, 1940-41; section chief, 
Jet Propuls sion Laboratory, 1941-45; lecturer. jet propulsion, 1943-48; group leader 
atomic energy research department. North American Aviation, Ine., 1948-51; Director, 
Project SQUID, Princeton University, 1951-52; staff specialist, North American Aviation, 
Inec., 1952-53; group leader, theoretical physics, University of California Radiation Lab- 
oratory, 1953—. (Submitted by Witness.) 
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There are the three kinds of particles that you have probably 
heard of. One is the proton, which is the nucleus of the hydrogen 
atom. One is the electron, and one is the neutron. 

These three kinds of particles are then joined together by forces to 
make up matter in various forms. 

The forces that we know in nature are gravity, which is believed not 
to play any important role in ordinary matter—that is, it holds the 
stars together, but it does not hold the atoms together. 

Electric forces, which we are used to. Originally there was light- 
ning, I suppose, and later one has gotten a great deal of experience 
with electromagnetic forces in our large electrical industry. 

These forces, then, are things man is used to, and are forces which 
man can see. 

Finally, there are things called nuclear forces, of which we have only 
indirect knowledge, but we do know they surely exist. 

Given then these three particles—the neutron, protron, and elec- 
tron—and given the forces, nuclear and electric, we can then construct 
all the matter we know about. 

I would like to sketch very briefly, then, some piece of matter. 

lirst of all, there is the atomic nucleus, which contains neutrons 
and protons. It is customary in describing the atomic nucleus to give 
usually the number of protons, and the total number of particles, 
both neutrons and protons. The number of protons is given the sym- 
bol Z. 

Representative Hortrrerp. I suggest that you take the microphone 


in your hand, so that it will be easier for you to make your presenta- 
tion. 


Dr. Minus. Yes, thank you. 

The number of protons represented by the plus lines here, is called 
Z. Just count them up. 

The number of neutrons represented by the little open circles is 
called N and the total number of particles in the nucleus is usually 
called mass number A. This is a sharp number. Its numerical value 
is very closely equal to the mass of the nucleus in the usual unit, but 
the actual mass and mass number are different things. 

If you then take a nucleus and add to it electrons, as you are all 
used to, the symbol [indicating] with the electrons swimming around. 
This whole thing altogether is an atom. 

In a neutral atom the number of electrons is equal to the number of 
protons, and the electrical charge, then, of the whole atom—since the 
protons are positively charged and the electrons are negatively 
charged, the total charge is zero, and the atom is neutral. 

Now, I might mention a little bit how all these things look together. 

The neutrons have no electrical force associated with them, but they 
have a nuclear force. The protons have both a nuclear force and elec- 
trical force. The charge on them is what makes the electric force. So 
the neutrons and protons stick together by their nuclear force in this 
thing we call the nucleus, which is very small, 10 to minus 12 centi- 
meters in size. 

Then the electric force which the electrons and protons have for each 
other—the electrons feel no nuclear force—allows the electrons to be 
held attracted by the nucleus—the negative electrons are attracted by 
the positive charge of the nucleus and they hover around, making up 
the complete atom. 
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This, then, is a thing about 10 to minus 8 centimeters in size. 

Now, if you stick several atoms together—here the little circles are 
supposed to be the electron shells, and the tiny circle in the middle is 
the nucleus. If I stick several atoms together, then I form a chemical 
substance ora molecule. Most of the matter we are used to is made up 
of molecules, groups of atoms. Essentially all of the chemical forces 
which hold molecules together, for example molecules of water, H.O, 
and salt, NaCl, sodium chlor ide, have to do with juggling elec trons, 
That is, the electrons tend to repel each other, but it turns out they can 
sort of see the two positively charged nuclei if brought near each other, 
and the net effect is that the atoms hold hands with electric force. So 
actually all of chemistry really has only to do with juggling electrons 
and the electrical forces, 

2. The effects of radiation 

Now I wanted to switch almost immediately to the problem of radia- 
tion and its effect. 

One of the things one might do is describe one other situation, and 
that is the thing called an ion, and what is meant by ionization. 

The simplest one, I think, is probably to look at a neutral atom. It, 
of course, happens with naivetilon too. 

Here is my nucleus. Here are a number of electrons all hovering 
around it. If I can disturb this some way—and I will return in a see- 
ond to how—I can break off one of the electrons and essentially fracture 
the atom, but mainly in its electrical part, and have left then a frag- 
ment with a net positive charge. The remaining electrons will join 
up with other atoms. 

This one [indicating] is transformed into these, and a number, 1 or 
2 or 3electrons. Each of these things that have a net charge is called 
an ion, and the process of making them is called ionization. 

Now, radiation essentially can come from two places. First, of all, 
one can take any of these particles, the proton or the electron, and by 

various indirect ways, the neutron, and make them move very fast, 
and when they are moving fast, they are called radiation. 

There is another kind of radiation which is called the gamma ray, 
and that is essentially a particle of light that Dr. Dunham spoke of, 
or radio wave. If it comes from an X-ray machine, that radiation is 
called X-rays. When a quantum of electromagnetic radiation comes 
from a nucleus, it iscalleda gammaray. Instead of making radiation 
by machinery, it turns out that one can get radiation of this kind from 
the nuclei of unstable atoms. 

Some of the atoms that are found on the earth naturally are already 
radioactive. Uranium, thorium, and radium are naturally radioactive 
atoms. 

Essentially, somehow the atom is not happy the way it is, and ejects 
some of its nuclear particles, or possibly it makes and ejects an electron. 

One can also by means of various machines, including things like a 
nuclear reactor or accelerator, make normal matter radioactive. This 
is called induced radioactivity. 

I would just like to list the different kinds of radiation which I 
believe are pertinent for your review. There are some other kinds 
that are not very well understood, but I do not believe they are of 
practical concern here. 
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The normal radiations are alpha particles, beta particles, gamma 
radiation. I would like to add to this list, fission fragments, which I 
designated by “FF,” and then the only other particle we really need, 
I believe, is the neutron. 

Now, the alpha particle is essentially the nucleus of a helium atom. 
It contains 2 neutrons, 2 protons. Alpha particles emitted from 
actual radioactive materials like radium move at about one-twentieth 
the speed of light. Because of their strong electric field, when they 
go by, say, an atom or a molecule, this electric field can take hold 
of the electron on the atom, break it off, and now you have ionized 
this atom. ; 

Representative Hortriztp. Dr. Mills, as you explain each one of 
these components, will you also give the half life, and explain what 
the term “half life” is, and also the power of penetration and the 
durability ? 

Dr. Mitts. Yes, sir. I beg your pardon, The half life I will come 
back to that—the half life is the property of the atom that is emitting 
the particle, rather than the particle itself. 

I want to very quickly, if I could, list the particles and say some- 
thing about them. 

The alpha particles that occur naturally, and also occur mainly 
at the heavy elements of the atomic table—uranium, thorium, radium, 

rotactinium, and so forth—generally have energies of 1 to 5 Mev. 
They have speeds of about one-twentieth of the speed of light. They 
go in air distances like 2 to 5 centimeters. 

In tissue, which is of some interest for our current thinking, which 
I will say is approximately like water, these particles go essentially 
one one-thousandth of that distance, or .003 centimeter, say, or three- 
hundredths of a millimeter, and a very tiny distance. 

Beta particles are also emitted from nuclei. They are very light. 
They are, of course, electrons of sometimes positrons. Beta par- 
ticles are usually considered negative, just like this [indicating] that 
circles around the outer shell of the atom. Sometimes the nucleus 
can emit a positive beta particle, which is a special unstable particle 
which does not live very long in ordinary matter, and atoms are not 
made of positrons, 

Essentially, these beta particles move with the speed of light— 
not quite, but very close to the speed of light when they are emitted. 

For example, for 1 Mev. beta particle, can go distances like a few 
meters, say 3 meters, that is, 800 centimeters, about 10 feet, in the 
air, and in tissue they go a correspondingly shorter distance, about 
half a centimeter, say, in tissue. 

Now it is convenient, in thinking about these, if you will forgive 
me, to bring in the fission fragment up here [indicating] and the 
gamma rays down there [indicating]. 

The fission fragments, which we will return to still again, are the 
fragments produced when a fissionable nucleus, such as uranium or 
plutonium, is fissioned by neutrons. The neutrons attack the nucleus, 
and the nucleus breaks in two. 

The fission fragments weigh about a hundred mass units, and they 
carry energies like a hundred million electron volts, and, therefore, 
they move at about the speed an alpha particle moves, because their 
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mass and energy are up proportionately, and, therefore, their speed 
is about the same. 

They will go about 2 centimeters in air, and, therefore, distances 
again like a alpha particles, distances like three one-thousandths of a 
centimeter in tissue or water. 

Now, all of these particles here—the alpha, beta, and fission frag- 
ments—have definite ranges. They are essentially a little projectile 
that goes plowing through matter until it runs out of gas, and then it 
stops and is not doing anything more. 

The gamma ray, which is this little particle of light, does not have 
a definite range, and it interacts with matter in a hit-or-miss fashion 
(like a man running through a forest blindfolded—he will miss the 
trees for a while, and finally he smacks into one). Well, the gamma 

rays and neutrons both behave in this way in matter. They do not do 
much of anything until they more or less have a catastrophic collision. 

Generally, the gamma ray interacts with electrons and turns its 
energy into fast beta rays. Fundamentally, this is what it does. So 
the effect of the gamma ray on matter is really the effect of beta rays 
on matter because it changes its energy into stirring up the electrons 
in matter until they make beta rays 

Chairman Duruam. What causes that, Doctor? 

Dr. Mitts. I think it is actually sort of visualizable this way, sir. 
I know these drawings are not very elegant, but you have this nucleus 
here [indicating], and here comes a gamma ray, and the standard 
picture one draws is a sort of a wigely line. This gamma ray runs 
into the electron. Now, the reason the gamma ray and the electron 
interact is the electric charge on the electron. ‘That is how the elec- 
tron makes gamma rays itself, and how the gamma rays get hold of 
electrons. 

The electric charge has to do—you see, the gamma ray is a piece 
of electromagnetic field, and when you move an electric charge around 
violently, you generate electromagnetic waves. It is sort of like pad- 
dling on the ocean and sending waves out. These are electromagnetic 
waves rather than ocean waves. 

I beg your pardon. Was this helpful? 

Chairman Dcuruam. Yes, as far as I know. 

Senator Anprrson. We are certainly glad to have it in simple 
language. 

Representative Hortrrecp. Doctor, again I ask you, would you also 
give us the persistence of gamma rays as compared to beta rays? 

Dr. Minus. Yes, sir. 

Representative Horirrerp. And their penetrability, their ability to 
penetrate matter, the ability to penetrate shielding ? 

Dr. Mitts. Yes, sir. I have not quite gotten it filled in. 

Representative Hoxtrrevp. All right. 

Dr. Mitts. Gamma rays are able to go—let us talk about a 1-million- 
electron-volt gamma ray. In the air they go in the order of 10 
to 100 meters, depending on their energy. In water they will go a dis- 
tance of the order of 10 centimeters, and in lead they go distances of 
the order of 1 centimeter. 

By that I mean this: They do not go a certain distance and then 
stop. They will goa certain distance and then there is a pretty good 


chance they will do something, and be stopped, or collected, or ab- 
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sorbed. But some of the special ones, with the poorer and poorer prob- 
ability, can go greater distances than these characteristic distances I 
am talking about, tens of meters in the air, tens of centimeters in the 
water, and 1 centimeter in lead represents how far a strong beam of 
gamma ray goes before it is reduced to about half intensity. 

Representative Van Zanpt. What about concrete, Doctor? 

Dr. Mitts. In concrete, depending on the gamma ray and kind of 
concrete, about 3 or 4 inches are required to reduce the gamma rays 
by half intensity. 

“Some of the gamma rays and neutrons are very clever, you see, and 
can dodge all of these things trying to trip them up and get clear 
through. On the other hand, alpha and beta particles really stop. If 
you get to the end of their range, they are completely stopped. 

tepresentative Hoxtirierp. What is their effect if they hit human 
tissue ? 

Dr. Mitts. The gamma ray essentially converts itself into fast- 
moving electrons, and the fast-moving electrons then serve to ionize 
the atom in the tissue, or the molecule. I am coming back to that in 
just a second. 

The neutron is a neutral particle with no electric charge, and on its 
own hook, then, has no electrical interaction; so it cannot ionize mat- 
ter directly. It has a nuclear force associated with it, so it can run 
into the nuclei of matter. 

What a neutron does is, it sails along through matter, dense matter— 
I am sorry, not air—distances like 3, 4, or 5 centimeters, and bumps 
into a nucleus with its nuclear force. It just does not see electrons, 
does not touch them, ‘That makes this nucleus take off and go along at 
high speed, and it is now a charged particle. It has gotten a severe 
bump, and it is moving fast, so it is ionizing just like this alpha par- 
ticle ionizes, 

So, the neutrons in water, say move distances like 1 to 3 centimeters. 
Finally, after many collisions, the neutron stops, and nearly always 
it will be absorbed by nuclear forces, sucked in and made part of the 
group inside a nucleus. Usually, this nucleus, after it has eaten this 
neutron, feels unhappy and wants to do something about it—it feels 
that perhaps it made a mistake after all—and it will try to remedy the 
situation usually by emitting a beta particle and changing this neutron, 
say, into a proton. In doing this, the whole nucleus is disturbed, and 
the general effect is not only to eventually emit a beta particle, but also 
to emit gamma rays. So, when a neutron is captured, the induced 
activity, or secondary radiation created by this step, is to produce 
gamma rays and beta rays. 

I wanted now to come back to what all of these things do. 

What I have tried to show is that all of these particles eventually 
produced ionization, which means they break up the electrical structure 
of matter. They have knocked the electron out of the atom, out of the 
molecule, and the molecule may break up into fragments. It is be- 
lieved, in general terms, that biological damage results when some of 
these fractured molecules go back together the wrong way. 

Chairman Duruam. If a hospital or a doctor would reecive a pa- 
tient, and he had an overdose of radiation, how quickly could they de- 


termine whether it was alpha, beta, or gamma rays that poisoned the 
man? Or could it be done? 
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Dr. Mitts. I do not know whether or not it could be done, and 
although I am not a medical doctor, I believe that it makes very little 
difference insofar as treatment is concerned. One has to be a little 
careful here. There is external radiation and internal. Alpha rays 
do not get through the skin, because they do not get through the layer 
of epidermis that is no longer living, and, therefore, it does not matter 
if it gets cooked a little by the alpha particle. They do not get through 
that into the living skin, and, therefore, you can stick your hands in 
alpha rays and nothing will happen. 

Chairman Durnam. Is it important to identify the type of radiation 
in regard to the treatment ? 

Dr. Mitts. I think if I could just go along, maybe it will all come 
out in the wash here. 

The way these things then affect matter, they ionize material, they 
break it up, and then the material will recombine in the wrong way, 
and you then have a foreign chemical substance somewhere in the cell, 
something bad for the cell. I do not know really enough about this 
part, except to give the rough notion; the point being that alpha par- 
ticles in the air, for example, produce about a million ion pairs per 
centimeter of air. That is, along the path of alpha particle goes in 
air there are all these fractured atoms, and if you count them, there 
will be a million ion pairs, or 2 million total fragments left behind. A 
beta particle makes only about 50 ion pairs per centimeter, although 
it may produce the same total number of fragments. 

The qualitative understanding of the reasons that alpha particles 
are more damaging than beta particles, is directly related to the greater 
density of fragments in the case of the alpha particle. 

I have probably said more than I really know as to how these 
effects occur. 

3. Radioactive decay 

Now, I wanted to talk about radioactive decay, and then talk about 
the roentgen and the curie. 

First of all, there are radioactive atoms, There are some occurring 
naturally in nature. There are others that are manmade, either with 
electrical machines, or with nuclear reactors, or with nuclear weapons. 

Generally speaking, these radioactive materials decay, and the first 
thing I shall say is this: That the danger they produce has to do 
with the ultimate production of ionizing radiation, usually directly. 

Perhaps one of the simplest cases—I wanted to put down the 
strontium chain. Consider the nucleus, krypton 90, which is one 
of the fission fragments. It can undergo radioactive decay, emit an 
ordinary beta particle, electron; and it does this on the average within 
about 83 seconds. As it does this it changes over into rubidium 90. 

Let’s talk briefly about what is meant by radioactive decay. I 
think an analogy that may be helpful is this one: 

We have this krypton nucleus here, and it is thinking about ejecting 
this electron. It has not done it yet. It has a certain chance—in 
fact a 50-50 chance to do this within the next 33 seconds. It is trying 
to do it, but it has not done it yet. If it does not do it, then it is just as 
good as if nothing had ever happened. It is not penalized at the end 
of the 33 seconds for not having emitted the beta particle before. 

Again, it is very much like a person running blindfolded through 
a woods. Ilis chances of running into a tree next is not affected by 
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the fact he missed all the trees in back of him when he was running 
along. 

This is the essential reason, then, that radioactive decay is exponen- 
tial in character. The fact that’ the remaining nuclei have lived, 
all of this time up to now does not either increase nor reduce the prob- 

ability that in the next period of time they will decay, One that has 
already decayed, of course, is now a different Sete and cannot 
decay again in the same Ww ay. But if you went back to the per iod 
just before it decayed, its chances of decaying, say, in the next 33 
seconds, in this case, was just the same a year ago as the chance of a 
not-yet- ‘decayed fr agment now decaying in ty next 33 seconds. It 
is not prejudiced by the past. The chance of its pi something is 
always the same until it ioe. it and then it is not the same thing any 
more. It issomething new. 

Senator Bricker. When kr ypton decays and gives off the beta rays, 
what is the remaining substance ? 

Dr. Mints. Rubidium 90. 

I was not going to write this whole chain down, because I was 
try ing toav oid too many symbols. 

Senator Bricker. There is no other isotope of crypton left? 

Dr. Mitus. No, sir; crypton has gone away entirely, and there is a 
new chemical element. ‘The new chemical element has the same num- 
ber of neutrons and protons total, but essentially one of these neutrons 
is changed into a proton, and you see that determines how it juggles 
the electrons, The whole juggling of electrons is what we know as 
chemistry. 

Senator Bricker. And the remaining rubidium remains stable? 

Dr. Mitxs. No, the rubidium does not. I will write down the whole 
chain for you, if you give me a minute. 

Representative Van Zanpr. Is this krypton related to the krypton 
taken from the atmosphere? 

Dr. Mirrs, No, this is not the naturally occurring krypton in the 
atmosphere. I must say I do not know, but it is a “different isotope 
and has a different number = here [indicating]. It has the same 
number here [indicating]. I do not need to write krypton at all. I 
could just say Z is 36, and give the meaning. No one does that be- 
cause we are not used to thinking that way. I would just like to write 
down this chain. 

We have krypton 90, atomic No. 36, That goes to rubidium 90, 
and its atomic number is one greater, 37, and this takes about 33 
seconds. 

Rubidium 90 goes to the famous strontium 90, and that has atomic 
No. 38. There is another beta particie emitted, and this takes 2.7 
minutes on the average to go from rubidium to strontium. 

Representative Hoririet. Will you please use the microphone, Dr. 
Mills? 

Dr. Minis. Yes, sir; 1 beg your pardon. 

This goes to yttrium 90, atom No. 39, which is also nonstable. It 
decays emitting beta particle, and in about 65 hours—these are all 
half lives I am writing underneath—which goes finally to zirconium 
90, atomic No. 40, and this one is stable. 

Representative Hoririep. Now is a good time to describe what half 
life is, and give the persistence of strontium 90. 

Dr, Mitts. Yes; Lleft that one out. ‘Thank you. 
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Xepresentative Hoirrerp. That is the one I do not want you to 
leave out. 

Dr. Mitrs. Right you are; yes. 

tepresentative Hotirtep. You wrote it. Will you say it? 

Dr. Mrs. Yes, sir. The half life of strontium 90 is 28 years. 

Now, this particular chain is of special interest in the hearing, so I 
thought it would be helpful to put it down. 

The meaning of half life is this: if I have a substantial quantity 
of material, that at the end of a time equal to a half life, half of it 
has decay ed, and I have only half of it left. 

There is also a quantity called the mean life, which says instead of 
reducing the amount by one-half, it is reduced to 1 over e of its value 
(e is 2.718). The mean life just makes calculation easier, although 
the half life is easier to think about. 

Chairman Durnam. What is left has the same half-life as before? 

Dr. Miuts. Yes, sir. 

Chairman Durnam. Has the same 28 years. 

Dr. Mitrs. If I imagine I have an amount here, and wait a half- life, 
this is transformed. Of course, it is all mixed up. You do not know 
which one is really going to doit. But this stuff is now rubidium, and 
this is krypton. ‘Tf I wait one more half-life this will transform. So 
I now, at the end of 66 seconds have a quarter as much as I did at the 
start. If I want another half-life, this much will transform, and at 
the end of 99 seconds I now have an eighth as much as I did at the start, 
and soon. It just keeps right on doing this. So once it starts to go, 
it goes quickly. 

What is implied here—if I suddenly make some krypton, then in a 
relatively short time I have made strontium. That is, this (indicat- 
ing) has gone to here (indicating), and practically all of it has, you 
see, at the end of a couple of minutes—nearly all of it is over here in 
the form of rubidium. I wait, say 10 to 20 minutes, and practically 
everything is strontium. But now the strontium persists for a long 
time. Ihave to wait 28 years to get rid of strontium. 

Representative Ho irre tp. Twenty-eight years to get rid of half? 

Dr. Mitrs. Yes, sir. 

Representative Hotrrreip. And 28 years to get rid of half of what is 
eft? 

Dr. Mitis. Of half of what is left. So atthe end of 56 years, I have 
a quarter as much strontium as I have at the beginning. 

Representative Horirretp. How long does it take for it to com- 
pletely decay ? 

Dr. Mirus. Forever. 

Representative Horrrrerp. Forever? 

Dr. Mitis. But there is not much left after a while. 

Representative Horrriecp. Krypton 90 is in form of a gas, it is not ? 

Dr. Mitrs. Yes, sir. 

Representative Hotrr1etp. How about rubidium-90 ? 

Dr. Mrizs. Could I describe what occurs—if this fission fragment 
were produced in air—let’s imagine that—then this is not only a gas, 
but tit is a noble gas, it does not react with things chemically. 

So when it finally decays there has been some time—I have 33 sec- 





onds for my krypton to run around before it changes into rubidium. 
The rubidium is now an isolated rubidium atom, just sitting out in the 
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air without any friends around to speak of. It will probably make 
friends with an oxygen atom in the air and make a compound, but it 
isa single isolated molecule. 

Most of the chemical substance we think of, we think of good bits 
of them, large amounts. This fragment produced in air we believe 
to produce quite small particle size material. 

Representative VAN Zanpt. What is the size of the particle? 

Dr. Miius. First of all, I believe this will be mentioned later, but 
sizes of the order of 10 to the minus 6 centimeters, like a hundred of 
these things will be joined up and flitting loosely in the air. 

Representative Horirrmxp. Doctor, in the explosion of a large 
nuclear weapon, while the individual particle is small, there is a tre- 
mendous number of those individual particles? 

Dr. Minus. Yes. 

Representative Horirrerp. That are transferred ? 

Dr. Minus. Yes, sir. 

Representative Hottrierp. Is it not true that this same krypton 90 
can be emitted in a gaseous form from a reactor ? 

Dr. Minzs. Yes. Well, it is harder to do it ina reactor. At least the 
reactors we want do not immediately breed, you see, they keep every- 
thing locked up. That is the big problem. 

Representative Hlortrreip. That is true, but we do have to take pre- 
ventive measures to keep that from escaping over the atmosphere? 

Dr. Mitts. Yes. I was going to mention that. You hold it usually 
for times like several months. This is a time between changing fuel 
elements. The old fuel element will have the fissionable material you 
put into it, and also the fission products in running the reactor, or 
you have taken time in the reactor for this decay change, in most cases 
to occur, and essentially you have strontium left, rather than krypton. 

Representative Horirierp. What form is the strontium when you 
get to this point? Is it in the form of a chemical or gas? 

Dr. Mitts. The strontium is not a gas. It is probably combined— 
well, it depends what is in the fuel element. It may just be sitting 
there as a single isolated strontium atom, say, surrounded by uranium 
atoms. It might react with other fission products. Or if, for some 
reason, it is water, if you had a homogeneous reactor with uranium 
in it, the strontium might form strontium oxide by stealing some of 
the oxygen from the water molecules. 

Representative Horirrerp. Any strontium emitted from a weapon 
is in such a form that can be absorbed by vegetation and ingested into 
animals, transferred to milk or to eggs, and then deposited in the 
human body by eating these substances, or drinking the milk, and its 
half-life persists regardless of the form it is in? 

Dr. Mitrs. Yes, sir. 

Representative Hortrierp. When it goes into the human body, it 
goes into the bone, ordinarily, does it not ¢ 

Dr. Mitzs. I would rather not 





tepresentative Horirierp. And it continues the emission of particles 
at that point ? 

Dr. Mirzs. That is correct. You see the nucleus just lives undis- 
turbed essentially by what the electrons are doing. So all of these 
chemical changes do not affect nuclear half-life, the decaying, or 
the emitting of beta particles. 
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The sequence of events you mentioned I have not really brushed 
up on, and I believe that testimony comes later. It certainly sounds 
correct to me, but 1 would not like to prejudice a later speaker by com- 
menting on that. 

Senator Anperson. You did say there was a possibility that kryp- 
tun could come from reactors ? 

Dr. Mitts. Yes, sir. I was about to get to the fission process. There 
is a different krypton which is made. There is more than one krypton 
isotope made, and some of them are longer-lifed, although more radio- 
active than krypton 90. 

Senator Anperson. Is there any way we can find out, for example, 
what type of krypton a reactor would develop ? 

Dr. Mitts. Yes, sir. We can not only find out, I believe we know. 

Senator Anperson. Do you know whether a pressurized water re- 
actor puts out the type of krypton you have there in that diagram ? 

Dr. Mitis. Yes, sir, it puts out this kind. I beg you pardon. By 
“put out,” I mean it produces it. Whether the krypton gets out of 
the reactor or not is a second problem 

Senator Anperson. I understand that. 

If it does get into the atmosphere, that kind of krypton leads to 
strontium 90 ? 

Dr. Mitxs. Not in every case. 

Senator Anperson. You see the difficulty people have, when we 
ask, “Does this reactor doit?” “Not in every case.” 

How do we get to know if it ever does it ? 

Dr. Mitis. Let me go just a little longer. I am going to get to that 
next in the fission process, and fission fragments. 

Senator Anperson. All right. 

Representative Van Zanpr. I would like to ask the doctor about 
strontium 90, 

Dr. Mitts. Yes, sir. 

Representative VAN Zanpt. Is it not possible that strontium 90 
when in the atmosphere can be, in addition to gas or water, a metal ¢ 

Dr. Mitts. Well, it is nearly always chemically joined up with some- 
thing in the atmosphere. It is certainly possible, yes, sir, but very 
unlikely. 

I took the time to write something down. So far, I had mentioned 
how matter looked, and how these nuclear particles charging around 
through it can break up atoms and molecules, and then they, may re- 
join into a new kind of atom, or molecule that causes trouble if it 
is in a human body. You helped me point out that the radioactive 
property of the material is not affected by the state of chemical com- 
bination; that it can go through very many steps and continue to 
be radioactive until it actually decays. 

One other thing I meant to say about this chain here is that the 
decay of the yttrium takes place very soon after the decay of 
the strontium. Therefore, if the strontium, say, is ingested, there is 


very little chance that the yttrium will be ejected in this short time. 
So that the proper way to view the total amount of energy deposited 
in the body is by adding together the energy of the strontium beta ray 
and the yitrium beta ray, and this is what is usually done. 

Representative Hotirimtp. Do they both have the same property of 
damage to human tissue ? 





we TS 


RADIOACTIVE FALLOUT AND ITS EFFECTS ON MAN 35 


Dr. Mitts. Both beta rays have the same property of damage to 
human tissue. The importance of strontium is that it does tend to go 
to the bone. It is like calcium in its chemistry. The importance of 
yttrium is that it just cannot get out of the bone in time. So it is al- 
most certain to deposit its energy there along with the strontium. 

tepresentative Van Zanpr. Doctor, what part of the human body 
attracts strontium 90? 

Dr. Minus. We all—first of all, this is a little out of my field— 
but we drink milk, and so on, to ret calcium because this is what our 
bones require. ‘There is also certain turnover of calcium in our bones. 
The strontium is chemically not identical to, but very similar to cal- 
cium, and the body does not always decide it is not calcium, so it slips 
up and lets some get in. ‘This is a very complicated medical problem 
which I do not know much more than that about. 

Representative Hottrierp. We are going to go into this field in de- 
tail later on in the hearings, as you know, 

Dr. Mitts. Yes, sir. 


4. Radiation dosage 


I want to say briefly what a roentgen and curie are. 

The roentgen was originally defined in a rather complicated way, 
but it has now been defined in a simple way. | At least a physicist can 
aiways calculate a roentgen equivalent physical, called a rep. That 
really means nowadays 93 ergs of energy—w hich is an energy unit 
like a kilowatt-hour, only a different one—— 

Representative Van Zanpt. A measure of energy. 

Dr. Mitts. A measure of energy, 93 ergs of energy deposited per 
gram of tissue, and that is a simple thing. That is energy out of a 
radiation field deposited in a gram of tissue. 

There is another thing catled roentgen equivalent man, “rem,” for 
which beta rays and gamma rays is essentially the same as rep, but the 
rem is supposed to measure the biological damage rather than just 
the energy. It turns out, as I explained in the case of comparing 
alpha particles, and beta rays, that alpha particles are more damag- 
ing than the beta rays. 

There is, finally, a thing called a relative biological effectiveness 
(RBE), which the biological people have been working to measure 
and identify, and essent ially the amount of biological damage i is given 
by the produc t of rep, that 1s, the amount of energy you put ‘there, and 
then by the RBE, relative biological effectiveness, which says how 
damaging that energy is per unit of energy. 

For beta and gamma rays, the RBE is 1; for alpha particles it is 
taken to be 20: and for protons, it is taken to be 10. 

There is a list of relative biological effectivenesses for different kinds 
of radiation, which is used vy people in physics laboratories to esti- 
mate dosages, and to see they are carrying on safe operations. 

‘These things are revised from time to time, and I am not enough of a 
biologist to be able to say more than these qualitative indications of 
how it works. 

The other unit that you wished me to define is the curie, and the 
curie is 37 villion disintegration per second. This is the definition of 
a curie. It used to be the number of disintegrations of a gram of 
radium. The number sticks but the definition is used more widely. 
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To give one some feeling about this: If one has a source producing 
1 curie of 1 million volt gamma rays per second, and stands 1 meter 
away from this source, you will accumulate a biological dose of ap- 
proximi itely 1 roentgen of radiation each hour. One thing about the 

dose, it is an energy per unit mass; so that you could, for example, 
give the tip of your finger an enormous dose, and it would hurt, all 
right, but 1t would not be really a fatal thing. It would be like hit- 
ting it with a hammer or getting it burned. 

if your whole body receives radiation, then a much smaller dose is 
dangerous, and roughly, a dose of 400 to a thousand roentgens is likely 
to be fatal if given to the whole body. 

Representative Hourrievp. Is it not true that that amount is not 
applicable to every human being ? 

Dr. Mitxs. Your statement is correct. This is a statistical thing, 
and the proper way to say it can be quite complex. Also, it is impos- 
sible to get volunteers to get good statistics and indirect inference 
from animal experiments to human effects is nec essary. 

Representative Horrrierp. Is it not true also that the amount of 
lethal dose for children would be much less than for an adult ? 

Dr. Mitts. I do not know the proper answer to that question, sir. 

Representative Corr. Mr, Chairman, I do not understand the wit- 
ness’ response. You asked him if it were not true, a certain hypothesis, 
and he said no. Now, with respect to whether the same dosage would 
affect all people the same 

Dr. Miuis. I beg your pardon. Different people quite clearly have 
different tolerances for different dosages, but the more complete 
experiments are usually carried on with laboratory animals, so you 
can get statistics. And a feeling how wide the swing is of the differe nt 
tolerances of different individuals to a fixed amount of radiation is 
usually done with laboratory animals, not people. But it does fluctuate 
quite a bit. 

For example, some people will get quite ill, it is believed. They 
have not done this with people, but it is believed to be w at 200-roentgen 
whole-body radiation, and other people would perhaps survive 400- 
roentgen whole- body radiation. 

Representative Horirretp. But, in any event, whether they surv ived 
or not, the radiation would be harmful to tissue and would result in 
a possible destruction of the cells of the body, and the ability to recreate 
those cells, and, therefore, it would be considered to be harmful re- 
gardless of the amount. Isthat true? 

Dr. Minxs. You will have to ask a biologist. I believe, though, that 
Dr. Durham said that any quantity of radiation is considered to be 
harmful. Iam not expert on these things. 

The other way, of course, one can have trouble with radiation we 
have already mentioned. You can ingest a substance, take it into your 
body, that is radioactive, and then it can go to a more sensitive place, 
or to a less sensitive place, and decay, and in decaying produce the 
radiation damage. 

Alpha particle emitters are a particular case in point. The alpha 
particles are the most heavily damaging, but ouside the body ahey do 
not get through the skin. ‘Inside of the body many of the alpha 
emitters seem to go to the bone, and then they sit and bombard the 
bone marrow. 








RADIOACTIVE FALLOUT AND ITS EFFECTS ON MAN 37 


Representative Horirrerp. The alpha particles do not have penetrat- 
ing quality, and it results in skin lesions and burns? 

Dr. Mutts. No, they do not. 

Representative Houtrretp. What I said is true? 

Dr. Mus. Yes. 

Representative Horirre.p, And your gamma rays can penetrate the 
body / 

Dr. Mitts. Clear through. 

Representative Hoxirirtp. Or penetrate a cement wall? 

Dr. Mitzs. Yes. 

Representative Hortrrerp. What is the difference between the neu- 
tron effect and the gamma ray effect ? 

Dr. Mitts. W ell, the alphas—let me go quickly in sequence—the 
alphas do not get in, really, to the skin. The beta rays get onto the 
living skin and can cause trouble, but not deep into the tissue at all. 
The gamma rays of appreciable energy can essentially go anywhere 
in the body, and if a beam of gamma ray comes in here [indicating |, 
there is a certain number of them that come clear out the other side, 
and some of them run into something inside. And a similar sort of 
thing can be said for neutrons, except a little bit depending on their 
energy. 

One would think, for example, if you were irradiated from outside 
with neutrons, only a layer of an inch or so would get the brunt of 
the radiation, and maybe things deeper inside would have a much 
weaker neutron band. The neutron does most of its trouble by cre- 
ating secondary radiation, usually gamma rays. Although the gam- 
ma rays they create might be produced here, those gamma rays, in 
turn, can be diffused through the whole body. So even though the 
neutrons tend to be stopped near the surface, it does irradiate a good 
deal of the body, not localized near the surface. 

I wanted to say one other thing. Radioactivity is usually spoken 
of in quantity according to the w ord “curie.” A given weight of mat- 
ter will have a certain number of atoms in it. Since each of those 
atoms will decay with certain half-life, you can connect-up the half- 
life and the quantity of material and the kind of material. The kind 
has to do with how many atoms per ¢g given weight, and, therefore, so 
many curies of any given substance also corresponds to a certain given 
weight of that substance. 

In the particular case of strontium 90, a microcurie, one-millionth 
of a curie, corresponds to one-billionth (one over a thousand million) 
one-billionth of a gram of strontium 90. Just to give one piece of 
orientation. 

III, FISSION AND FUSION 


I wanted to quickly mention the fission process, and the fusion proe- 
ess. This has todo with part ILI, really, of your outline. 
Z. Fission 

The fission process is spoken of this way: U-235 plus a neutron 
makes fission fragments, usually 2 in number, plus 214 neutrons. 

Now the clue that something is quite complicated, is the 214 neu- 
trons. There is either a whole neutron, or no neutron. ‘There is not 
even a half neutron. This means some of the time you make 3 neu- 


trons, and some of the time you make 2. And indeed the thing is 
quite complicated. 
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There are about 170 different nuclear species produced if you fis- 
sion quite a bit of material and then count things up. ; 

Representative Horrrterp. And all of which vary in half-life? 

Dr. Mirus. And all of which vary in half-life. 

Furthermore, they have chains, even as if I made this [indicating], 
this, and this, each separately, and each decayed itsown way. But it is 
much worse than that. 

Not only do I make a number of different chain leaders—say this is 
No. 1 man—I make a variety of these. There are about 70 of these 
chains. But then each of these chains run this way [indicating]. 

Furthermore, in the fission process—I do not know if this is a good 
one, but I can assume so—sometimes the fission will make the second 
member instead of the first member of the chain, or sometimes even a 
third member. So I have all these chains, and I have things starting 
at the front which are the mainline, but then I have now and then a 
fission that will cheat and skip that [indicating], and just make this 
one [indicating]. 

The products then are quite varied in number and complexity. 
There are 35 different chemical substances, 95 different masses, and 170 
different isotopes. 


2. Fusion 


One can contrast that with fusion. There are some more fusion 
reactions one can write down, but these are usually considered the most 
interesting. 

This is heavy hydrogen, D for deuterium, is the conventional symbol. 
The deuterium nucleus has a neutron and proton init. And one elec- 
tron outside makes the complete deuterium atom. 

The deuterium and deuterium reaction makes helium 3 which is the 
neucleus of the helium atom, but shy one neutron; and also an energetic 
neutron. 

Sometimes deuterium plus deuterium reaction goes to make tritium, 
which instead of having 2 protons and 1 neutron like helium, has 
1 proton and 2 neutrons. It is extra heavy hydrogen, and weighs 
three times instead of twice as much as regular hydrogen plus an ordi- 
nary proton, the ordinary nucleus of the hydrogen atom. Then I can 
also react deuterium with tritium to make normal helium plus a 14 
Mev. neutron. The 14 means the energy at which the neutron comes 
scooting out of here [indicating]. This neutron from the DD reac- 
tion is about 2 Mev. in energy. 

There is one other interesting thing, deuterium in water. 

It occurs in nature toasmall extent. Most of the hydrogen in nature 
is ordinary hydrogen, having just a proton and electron. But heavy 
hydrogen occurs with the other hydrogens to the extent of about a little 
more than a hundredth of a percent. If one calculates the amount of 
energy you can get from a gram of water if you react or fusion the 
deuterium in that gram of water, it turns out to be about 100 times 
the amount of energy you can get from a gram of fuel oil by burning 
the fuel. 

Since there is a tremendous amount of water in the ocean, all of which 
has this trace of deuterium in it, it means the oceans are sort of like 
oceans of fuel oil, only about 100 times as good in terms of total energy 


reserve. I understand there have been a few problems in getting at 
this energy. 
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The other comment you wanted me to make—am I skipping along 
too fast ¢ 

Representative Hortrietp. No. 

Senator Anperson. Did you say if the ocean were filled with deu- 
terinm, as a fuel it would be 100 times more valuable than if it were 
filled with oil? 

Dr. Mitts. It has potentially 100 times as much energy. I just say 
it that way because apparently there is quite a bit of work in research 
and development to be able to burn the ocean. 

Senator Anperson. I did not say we had it solved. But if you did 
have it solved, that is the fact ? 

Dr. Mitts. Yes. 

Senator Anperson. One hundred time as much energy in the ocean, 
if filled with deuterium as it would be if the present water could be 
scooped out and the areas filled with oil ? 

Dr. Mitts. That is correct, yes, to use it all. 

Representative Van Zanpr. It is contingent upon a hundred million 
degrees of Fahrenheit. 

Dr. Mitis. Yes. Iwas going to cycle a little bit. 

To make these reactions go in a useful way people feel they have 
to be thermonuclear reactions. That i is, you get the materials so hot 
that these particles will run into each other and fuse and make the 
products and the energy you are after. The temperatures one talks 
about are 100 million to 1,000 million degrees to do this. So people 
who are practitioners of this art are likely to get their fingers burnt 
if they are not careful. 

This is a difficult but very interesting development, and I am sure a 
very important one, because it offers to humanity the possibility of an 
unlimited energy reserve. 

Representative Van Zanvr. How close close are we to fusion? 

Dr. Mitxs. I was going to answer that in a little complicated way. 
Mavbe I should now. 

The current situation, in rough terms, is that the fusion process is 
not yet at the state of physical practic: ability. A physical demonstra- 
tion of the controlled fusion process is not yet to the state of the 1942 
Chicago fission reactor. 

Representative Horrrrerp. You mean fission. 

Dr. Minis. ‘Thank you. Fission reactor, first of the chain reactors. 

Representative Van Zanpr. I imagine you have reference to Dr. 
Fermi’s first atomic pile. 

Dr. Mitis. Dr. Fermi’s CP-1, the first Chicago pile. Of course, 
that one is rather modest compared to fission reactors people are 
thinking of now. 

So there is, first of all, about a 14-year delay at least, if you say the 
developments are of ‘comparable difficulty. 

My own feeling is the fusion development is somewhat more difti- 
cult, and I tend to add another 5 years to that. So that would put 
fusion about 20 years behind fission in terms of potential use and eco- 
nomic use in particular, 

Now, Mr. Davis, of the Division of Reactor Development of the 
Atomic E nergy Commission has been studying the economic feasibil- 
ity of the fission res ictor, and he has estimated that as of about 1970 the 
fission reactors will begin to compete effectively with chemical plants, 
coal or oil-burning plants, for economic electric power production in 
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stationary plants. So if you say that one of the things you would like 
to get from the fusion process is economically competitive, stationary 
electric power, this would infer that with this about 20-year lag I 
have put in, it would be in the 1990's before you might expect to worry 
about the economic impact of the fusion process. 

Probably it would be a little longer, because we all believe, I think, 
that the fission process will take hold sooner than that, and it will ease 
the economic pressure, and conserve conventional fuels. The fission 
process itself then may add some additional delay by taking some of 
the economic urgency away from the fusion development. 

Representative Horrrietp. Will you go to the radiation compari- 
son between fission and fusion ? 


3. Fission and fusion radiation 

Dr. Mitis. Yes. I did a rough-and-tumble estimate, and I would 
like to reiterate this is crystal gazing. 

There are some things you can say on the basis of the fundamental 
eaction, some things you can guess at, but it is awfully hard to com- 
P are this reaction (fission) with this one (fusion) in practical plants, 
yecause there is not any practical plant like this (fusion), The pos- 
sible radioactive dangers, therefore, first of all, may be very different 
than you think of. They may be nonexistent. "There might be a 
danger of an entirely different kind that no one has thought of at all, 
but would have the main importance. 

Representative Hoxtrrerp. You are referring to plants to produce 
energy, are you not ¢ 

Dr. Mixrs. Yes. 

Representative Hortrrevp. I am not referring to that. 

Dr. Mitts. Beg your pardon. 

Representative Horirrerp. I am referring to the present use of fis- 
sion and fusion in weapons. 

Dr. Miius. I see. 

Representative Hortrretp. And the comparison between the radio- 
activity of the different fusion products and the fission products. I 
realize that is not in your field, but as long as your talk is on the back Ce 
ground of radiation and radioactivity, 1 thought you might make a 
general comment on that. 

Dr. Mitxs. I would like to make a very general comment of two 
kinds. 

First of all, the fission process itself produces directly radioactive 
material, ni ei these fission fragments, a large variety of them, a 
very conip! lex set of them. 

These fus ion reactions I have listed here—of all the things they 
produce only tritium is itself radioactive. It decays slowly to helium 
3, which is stable. 

Chairman Durnam. Is there any difference as to the stability of it, 
whether it isa gas or whether it is a solid ? 

Dr. Mints. No; its radioactive decay continues no matter what form 
it is in, gas or solid. You can make tritium water, for example. It 
does not matter. 

Representative Nortrrecp. At the present time fusion has to occur 
after fission occurs; it is dependent upon the heat developed by fission, 
is it not, to bring about fusion, Doctor ? 
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Dr. Mus. If you will forgive me, sir, I would rather not comment 
on that question. 

Representative Hortrrerp. All right. 

Representative Van Zanpt. Dr. ‘Mills, what about the penetrating 
strength of the radiation produced by fusion % 

Dr. Mitts. The only direct production of radiation by fusion is 
tritium, which produces about a 10-kilovolt, very weak beta particle, 
and that beta particle cannot penetrate the skin: 

Senator Bricker. What is the half life of tritium ? 

Dr. Mitrs. About 12 years. However, fusion does produce neu- 
trons, as also does fission, and these ne utrons can be captured in the 
surroundings one w ay and another, and activate things. 

For example, neutrons captured in sodium will produce sodium 24, 
which has a half life of about 15 hours, and produces beta and gam- 
ma rays, and the gamma rays are rather penetrating. 

So if there were some reason—for example, if both of these things 
occurred with sodium, these neutrons here from fission would make a 
certain amount of radioactivity, and so would these from fusion. So 
that the induced activity might possibly be comparable. 

You see, I have 2 neutrons here, and 2 there. 

There is finally one other thing you can say. Generally there does 
not have to be things that these neutrons will react to, and they can 
be captured more or less harmlessly in the air. So that for many 
practical purposes, there is essentially no radioactivity associated with 
the fusion process, 

Finally, the fission fragments are of such a great variety that if you 
were now to switch from the general problem to a machine, there are 
very many different chemical things you have to keep track of and 
prevent le: akage—for example, if you spill them there are many 
varieties of things you w ld have to pick up. It is hard to get them 
all, With fusion, by making the machine out of the right thing, you 
may make it so these neutrons essentially cause no trouble, or you can 
select a material that produces one kind of neutron-activated product 
that is simple to clean up and pick up. 

Representative Van Zanptr. Do I understand you now that fusion 
will produce the alpha, the beta 

Dr. Mitrs. No, sir; fusion will not. Fusion just makes these things 
here [indicating] of which only tritium is radioactive. Fission pro- 
duces an enormous variety of products, and both gamma and beta 
rays come pos ing out of the fission fragments. 

Chairman Durnam. From a distribution standpoint, Doctor, fission, 
and also the thermonucle ar, would you hazard an opinion as to which 
one is more easily distributed in the air and on the ground? Would 
there be any difference ? 

Dr. Mizts. The fission products, there are some volatile ones that 
are carried around easily in the air. Some will dissolve in water. 
There is such a great variety. 

The tritium produced in fusion would normally be a gas unless it 
combines with oxygen to make water. So it can blow around in the 
air as a gas or it can combine with oxygen and flow in water. Tritium 
is a radiological hazard, but generally speaking, nothing like fission 
products, ‘The rest of these things : are not radioactive. They are gases. 
Helium is a gas not chemically reactive, not harmful chemically, and, 
of course, not radioactively harmful. 
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Representative Hortrreip. Are there any further questions? 


Had you finished your general statement, Doctor ? 
Dr. Mus. Yes: sir; Thad. 


Representative Horirtexp. Dr. Mills, the committee appreciates you 
coming here from California to make this statement. We know how 
complicated it is, and we do feel you have given us in layman’s lan- 
guage an understanding of this in about as simple a form as it can 
be made. 

You will have access to the transcript so that you can be sure the re- 
porter has caught properly your symbols and other references, and for 
the purposes of correction of anything which may not be clear on the 
record. 

Dr. Mitrs. Thank you, sir. 

Representative Hortrmtp. Thank you very much, Dr. Mills, your 
submitted material will be inserted in the record at this point. 

(The matter referred to is as follows :) 


STATEMENTS ON Topic II RADIATION AND RaApIoactTiviry, AND Topic III Fissioy 
AND Fusion REACTORS, FOR THE JOINT COMMITTEE ON ATOMIC ENERGY 


Prepared by Mark Mills, University of California Radiation Laboratory, June 1957 


Mr. Chairman and gentlemen, I welcome the review of the Nature of Radiation 
and Its Effects on Man, which you are conducting in these hearings during May 27 
through June 7, I want to thank you for the honor of inviting me to address you. 
1 will be glad to answer questions to the best of my ability. 


II, RADIATION AND RADIOACTIVITY 


In order to tie together the results of my discussion of radioactivity, I will 
include some remarks about the biological effects of radiation. This is only to give 
perspective, and I wish to emphasize that I am not a radiologist nor a medical 
doctor. In making these statements about the biological effects of radiation, I 
am merely repeating some of the things medical experts tell physics people 
so that, in turn, the physicist can design adequate shielding and take suitable 
precautions when working with radiation and radioactivity. It is my under- 
standing that a careful and expert review of the biological effects will be a por- 
tion of the subsequent hearings. 

1. Radiation and radioactivity 

Radiation consists of very energetic fast-moving particles. These particles are 
usually given the name of alpha rays, beta rays, and gamma rays, and sometimes 
one has to be concerned about radiation consisting of neutrons. 

There are a number of different sources of radiation. The special manmade 
electrical machines can accelerate a particle of ordinary matter to such high 
speeds that it deserves the name of, and in fact is, radiation. A neutron chain 
reaction can be sustained in a nuclear reactor and produce fission products which, 
in turn, emit beta and gamma rays. Nuclear weapons can produce radioactive 
materials, which in turn produce beta and gamma rays. 

Radioactivity is the name given to the process whereby an atom produces 
radiation. A material which emits radiations is called radioactive. Radium is 
probably the most famous example of radioactive material. 

In undergoing radioactive decay, the radiation is actually emitted from the 
nucleus of the radioactive atom, Furthermore, there is a mother-daughter 
sequence, The mother atom emits the radiation and in so doing is transformed 
automatically to the daughter atom. Usually the mother and daughter atoms 
are different chemical substances, although in those cases where the gamma 
rays are emitted, the mother and daughter are the same chemical substance. 

It turns out that the radioactive decay of a mother nucleus to a daughter 
nucleus can be described by the term “half life.’ At the end of o given period 


of time, for example in the case of radium, at the end of 1,600 years, half 
of the mother substance has transformed into the daughter substance. Since 
the emission of radiation is the step that makes this transformation possible, 
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a given quantity of material can produce very intense radiation provided it 
has a Short half life, or very weak radiation provided it has a long half life. 
The half lives of radioactive transitions have been measured and cover an 
enormous range. For example, the half life of uranium 238 is approximately 
4 billion years. Whereas the half life of krypton 90 is about 33 seconds. 
To visualize the meaning of half life a little better, it may be helpful to say 
the following. At the end of a half life, there is half as much material present 
as there was in the beginning of the half life. If we start with 1 pound of a 
given radioactive substance, at the end of the first half life there vould be 
one-half pound, at the end of another half life there would be half this amount, 
or one-quarter pound, at the end of another half life there would be one-eighth 
pound, etc. A very long time would be required to get rid of all of the original 
material in this way, but at the end of only 10 half lives there is only one 
one-thousandth of the original material left, so that for most practical purposes 
practically all of the material has disappeared at the end of a few half lives. 


2. Radioactive decay cannot be disturbed 


Nothing disturbs in any way the radioactive decey of a radioactive substance. 
For example, if one had fuel oil containing radiocarbon and radiokydrogen, 
and burned this fuel oil, the smoke would carry the same radioactivity and 
to the same extent as was previously present in the fuel oil. The radioactive 
process cannot be speeded up, nor slowed down, but depends only on the nature 
of the radioactive substance involved. Fundamentally, this is due to the fact 
that the radiations are emitted from the nucleus of the atom, and all of the 
chemical processes like burning, melting, boiling, etc. disturb only the outermost 
electrons of an atom and affect the nucleus hardly at all. 

As another example, the radioactive isotope strontium 90 is formed very 
quickly by the successive beta radioactive decay of the fission fragments 
krypton 90 (half life 33 seconds) which turns into rubidium 90 (half life 2.7 
minutes) which decays into strontium 90 (half life 28 years). If one imagines 
that the krypton 90 is produced in an atomic explosion, the strontium 90 will 
probably be produced in the air. It will then probably form strontium oxide 
with the oxygen in the air, fall slowly to the ground (fallout), and may then 
possibly settle into the soil, be absorbed by plants, the plants may be eaten by 
a cow and some small fraction of the strontium going into the milk, finally, 
if a person drinks the milk, some small fraction of the strontium will go to 
his bones (Since strontium is similar to calcium in its chemical properties). 


Despite this long sequence of events, the radioactive behavior of the strontium 
continues at its regular pace. 


8. Penetrating power of radiation 


Different kinds of radiations can penetrate different distances through dif- 
ferent materials. However, for radiation consisting of a given kind of particle, 
the depth of penetration in a given material depends only on the energy of 
that particle, being greater for more energetic particles. For alpha, beta, and 
gamma rays, the depth of penetration is less in more dense substances than 
in light materials. 


The following is a list of the names and penetrating powers of the different 
radiations : 

The alpha particle is a fast-moving helium nucleus consisting of 2 
neutrons and 2 protons tightly bound together. Alpha particles emitted 
by naturally occurring radioactive substances move at about one-twentieth 
the speed of light and will penetrate distances of 2 to 5 em. of air before 
being brought to rest. They will penetrate about 0.002 to 0.005 cm, in 
tissue, and since the epidermal protective layer of dead skin on the body 
has a minimum thickness of 0.007 cm, alpha particles are harmless whep 
the source emitting them is outside the body. 

The beta particles consist of a fast-moving electron essentially moving 
with the speed of light, although just a little less than the speed of light. 
They can penetrate distances of a few meters in air, or % cm. into water 
or tissue before being brought to rest. 

The gamma particles or gamma ray, are really the same kind of thing as 
light or radio waves, but the energy of a single gamma ray is very much 
greater, amounting to something like 1 million electron volts. A gamma ray 
does not penetrate a definite distance into matter, but has a certain prob- 
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ability of being absorbed. If a large number of gamma rays are fired into 
matter, after some distance only half of them will remain, and at double 
the distance only one-fourth of them remain, and so forth. Gamma rays of 
1 million electron volts energy are reduced to half intensity by 1 cm. of 
lead, or by 10 to 20 em, of water, or 100 to 200 meters of air. 

Any of these radiations may have any given amount of energy, but in most 
cases energies of a few million electron volts correspond to “typical” radiation, 

The characteristics of neutrons, deutrons, protons, and other radiations have 
not been mentioned because they will be of little concern for present considera- 
tions. 

A significent feature of the properties of these various radiations is in their 
relative danger inside and outside the body. For example, a substance which 
emits alpha particles does not constitute a hazard outside the body, since 
alpha particles are not energetic enough to penetrate the epithelial layer of 
dead skin and reach the living skin. A substance which emits beta rays can 
cause skin burns and irradiate the tissue to a depth of a few tenths of an inch, 
This is not likely to cause damage to internal organs. Radioactive materials 
which emit gamma rays, however, can pass this radiation clear through the body 
and therefore can irradiate the entire body even though such gamma ray emitting 
substances are kept outside the body. 

Consequently, it is convenient to think of the danger of radiation as dependent 
upon whether the radioactive material is outside of the body or inside the body, 
In general, the danger is greater when the material gets inside the body. A 
dense cloud of a mixture of radioactive materials in the air, such as the complex 
set of fission products, could pass by an individual and give him a radiation dose 
throughout his body by means of gamma rays. The cloud might later settle into 
a water supply and a different individual could drink the water containing the 
radioactive material and receive an appreciable radiation dose to his internal 
organs from all three types of alpha, beta, and gamma rays emitted by material 
absorbed in his body. 


4. The effect of radiation on matter 

Almost all of the material that we use in our everyday lives: glass, steel, 
grass, wood, air, human tissue, water, and fuod are made from groups of atoms 
called molecules. When a molecule is bombarded by radiation, it may be broken 
up into fragments consisting of one atom or smaller groups of atoms. These 
atoms may then remain permanently broken up (for example, by irradiating 
water one can change some of it into hydrogen and oxygen gas), or the fragments 
of the original molecule may recombine to form a new molecule. Most of the 
bad effects of radiation are believed to be due to the formation of new, unsuitable, 
molecules within the irradiated material. 

Radiations are much more effective in producing transformations of this kind 
than energy in other forms. For example, it has been estimated that a dose of 
whole body radiation sufficiently large to be fatal to a human being, if applied 
in the form of ordinary heat would only increase his body temperature by about 
1/1000° F. Merely by running upstairs the body temperature is increased more 
than this amount. Therefore, although radiation does consist of ordinary par- 
ticles moving with a great deal of energy, it does have special qualitative 
features: 

5. The same kind of radiation always has the same effect 


We helieve that the same kind of radiation always has the same effect. For 
example, if tissue is bombarded by a beta ray from strontium or a beta ray from 
Yttrium, we believe the effect on the tissue is the same. We also believe that the 
effect of gamma rays and beta rays are the same. It has been observed that alpha 
rays are more damaging than beta rays. For example, a 5-Mey. alpha particle 
appears to be 20 times as damaging as a 5-Mey. beta particle when both are 
absorbed entirely within the same kind of tissue. In general terms, this is be- 
lieved to be due to the much greater intensity of disturbance along the path 
of the alpha particle. Since the alpha ray stops in such a short distance (0.008 
cm.) as compared to the beta ray (0.5 cm.), it produces a much greater density 
of disturbed matter along its path. 

6. The roentgen and the curie 

The roentgen is used as a measure of radiation dose to a physical system. 
There are essentially two kinds of roentgens of practical importance. One is 
called the rep, which is roentgen equivalent physical, and is defined to be the 
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absorption of 93 ergs of energy per gram of tissue. The other is the rem, the 
roentgen equivalent man, and is intended to measure how damaging the radiation 
energy is to a biological system. We have already pointed out that for the same 
amount of energy, alpha particles are 20 times as damaging as beta particles. 
Gamma rays are considered the same as beta particles in their damaging effects. 

For people working around radioactive substances, tolerances have been estab- 
lished. The basic tolerance requires that a worker should receive no more than 
0.3 rem per week. Similarly, workers with such substances may inadvertently 
inhale or swallow some of them, and there are limits set on the quantities of 
various radioactive materials that may be allowed to enter the body and corre- 
sponding limits on the concentration of radioactive substances in the air or in 
water. 

For example, in the case of strontium 90, the allowable amount in the body 
has been set at 1 microcurie, which corresponds to six one-billionths of a gram. 
Strontium 90 tends to go to the bone and then irradiates the bone with beta 
particles. The daughter of strontium 90 is yttrium 90, which is also a beta 
particle emitter with a lifetime of 65 hours. Sixty-five hours is such a short time 
that it is generally assumed that the yttrium 90 stays in the bone in the same 
place in which its parent, strontium 90, was located. Consequently, the dose 
received by the bone is the accumulated dose of both strontium 90 and yttrium 90. 

Since the dose is defined per gram of tissue, it is conceivable that an intense 
dose to a small region of the body, such as the tip of the finger, of thousands of 
rem would be analogous to a severe burn, or hitting the end of the finger with a 
hammer. It would hurt, one might lose the end of his finger, but it would not 
be fatal or even very serious. On the other hand, a whole body dose of 500 rem 
can be fatal. The estimates of lethal levels of radiation must be inferred from 
animal experiments and it is observed that different individuals have different 
tolerances to a given dose of radiation—therefore, the §00-rem estimate given 
above for a lethal dose would not apply to everyone. It is believed to apply to 
about half of the individuals, 

The conventional measure of radioactivity is the curie, This is now defined 
to be 37 billion disintegrations per second. In the case of long-lived radioactive 
materials, a large amount of material may be required to produce an activity of 
one curie. Short-lived materials, since each bit of material transforms so much 
more quickly, can produce a curie of activity with much less of material present. 
Furthermore, if the product of the radioactive decay is a stable atom, eventually 
the total curies of activity will decrease just according to the half life involyed. 

For orientation, a person 1 meter from a 1 curie source of gamma rays, each 
gamma ray of 1 million electron volts energy, will receive about 1 roentgen of 
radiation dose for each hour of exposure. 


III. CONTROLLED FISSION AND FUSION REACTORS 


1. The fission reactor 


The fission reactor consists of an assembly of fissionable material arranged so 
that a neutron chain reaction can maintain a steady rate of fissioning in the 
machine. The reactor may be used to produce heat, which in turn might be used 
to produce electricity; there are also research reactors which can be used to 
produce radioactive isotopes for chemical, metallurgical, or biological research, 
or used in certain kinds of physical experiments. 

The fission reaction itself is a very remarkable one. If a neutron enters the 
nucleus of U-235, the nucleus will split roughly in 2, producing 2 fission frag- 
ments of great energy and also 2.5 new neutrons which can serve to carry the 
chain reaction further. The same fission fragments are not produced in each 
instance, and with greater or lesser abundance some 170 fission fragments with 
95 different masses and representing 35 different chemical substances are made. 
These fission fraginents are generally radioactive chains, or materials decaying 
one into another. Of the total energy produced in the fission reaction, about 200 
Nillion electron volts per fission, some 13 million electron volts or about 6 percent 
of the total energy is produced by the radioactive decay of the fission fragments. 
With the great variety of fission products, a large numebr of different radioactive 
lifetimes are involved. Consequently, fission products produce sustained radio- 
activity as the short-lived products decay away, some of the longer-lived products 
Temain. This complex set of products, instead of decaying to one-half intensity 
every half life does not appear to have a very definite half life, but gradually 
loses in intensity over long periods of time. 
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2. The fusion reaction (or controlled thermonuclear reaction) 

Since there are at this time no practical machines which produce energy from 
the fusion reaction, all one can do is write down a number of reactions which 
have been suggested of interest for the fusion process. Some of these reactions 
are: 


DEH HS Fa (2 MeV) soccer (over all, 3.5 Mey.) 
PO Ee cao no an eceeeseieseacueenaesoe (over all, 4 Mev.) 
DT Be en: (Ie Mev occ. concen toheece (over all, 18 Mey.) 


The symbols have the following meanings: D is deuterium, the nucleus of heavy 
hydrogen, and weighs twice as much as regular hydrogen. H stands for ordinary 
hydrogen nucleus. T is tritium, the nucleus of extra heavy hydrogen, weighing 
three times as much as ordinary hydrogen. Tritium decays to He-3 with a half 
life of 12 years, emitting a weak beta particle. He*t is the ordinary helium 
nucleus or alpha particle; He-3 is a helium nucleus lacking one neutron and only 
three-fourths as heavy as He-4. The symbol n stands for the neutron. The 
energies given right after the neutrons indicate how energetic (energy of motion) 
the neutrons are when produced. The overall reaction energies are also listed. 
Clearly, the energies of the neutrons should be usefully captured since they carry 
a large part of the overall energy produced. 

H, D, He-3, He-4 are all stable, T is the only radioactive material (except for 
neutrons). 

In order to achieve these reactions in a useful way (they have been achieved 
in the laboratory with accelerators but not with high temperatures), temperatures 
ranging between one-hundred million and one-billion degrees centigrade are re- 
quired. Nuclear reactions driven by high temperatures are achieved in the stars, 
and are often called thermonuclear reactions. The same name will be suitable for 
the fusion reactions if they are achieved in a useful way. Since no material 
can stand such temperatures, a magnetic field is usually considered as the means 
to hold thermonuclear fusion materials together. The goal of this area of re- 
search is the controlled release of thermonuclear energy. 

You will notice that the important source of material for these reactions is 
deuterium, which is heavy hvdrogen, which is the hydrogen in heavy water. 
Deuterium occurs to the extent of 0.014 percent in natural (ordinary) water, and 
a little calculation shows that on the basis of deuterium content, the potential 
energy available from a gram of water is about 100 times as great as the energy 
available from a gram of fuel oil. Consequently, the world’s oceans represent an 
enormous potential energy supply. If a practical fusion reactor can be found, 
to make use of the deuterium from the world’s oceans, then the energy supply 
would be the same as if the oceans were filled a hundred times over with fuel 
oil. 


3. The comparative hazards of fission and fusion reactors 

Since there is no practical fusion reactor machine, it is very, very difficult to 
compare the hazards of fission reactors, whose characteristics are at least gen- 
erally known, with the so-far undeveloped fusion reactor. Anything said here 
must be considered as crystal gazing. Nevertheless, one can make the following 
very general statements: The fission reactor produces radioactive fission products 
and neutrons; the fusion reactor produces only radioactive tritium, and the 
reinaining products are not radioactive. The fusion reaction also produces neu- 
trons. In both the case of the fission and fusion reactor, the neutrons may serve 
to activate materials in the reactor or in the surrounding area, leading to an ac- 
cumulation of radioactivity. 

The real hazard from power-producing machines is due to the possible escape 
of radioactivity from the machine leading to contamination of the surrounding 
area. If all the radioactivity produced is extremely short lived, then it would 
decay away before constituting a hazard even if some of it were to be released. 
It is the delayed, or long-lived radiation, or radioactivity, that is the hazard. 

Finally, I would like to point out that the fission products are a very complex 
mixture, that ‘here are nearly always some of them that have a disagreeable 
half life, that they represent very many chemical species so some of them are 
bound to be especially troublesome, and finally, they will be rather hard to 
clean up because of their very great variety. In addition, the fission products 
are a direct product of the fission reaction and must be produced if this reaction 
is used. 

In the case of the fusion reaction, the only direct radioactive product is tritium, 
which is a mild material. Activation of the surrounding structure can be con- 
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trolled if it is constructed from suitable materials. For this reason, it appears 
that radioactivity danger from controlled fusion reactors, when they are invented, 
could very well be much less than danger from the fission reactors. 


4. Economic power from fusion 


This prediction of a time scale for controlled fusion (thermonuclear) develop- 
ment is difficult and uncertain, and I will assume that economic fusion power is 
the question of main interest. One may argue as follows: 

(1) Currently, fusion has not reached the state of development of the late 

1942 Chicago fission pile. This pile is sometimes called Fermi’s pile. (Four- 

teen years or more behind fission.) 

(2) Fission itself is not yet economic, but may be so by 1970. (W. K. 

Davis, private communication.) (Twelve years. ) 

(3) Fusion development seems to be more difficult than fission develop- 
ment. I do not know exactly how to weigh this, but a 5-year delay seems 
reasonable (5 years). 

(4) Fossil fuel shortage will be eased by fission reactors by the time 
that fusion techniques are of practical interest. Therefore, the economic 
pressure for fusion development will be reduced (5 years). 

If all these estimates are combined, then: 
Practical economic fusion power production will probably not be achieved 


before the 1990’s. It is possible, but unlikely, that this could move up to the 
1980’s with remarkably good luck. 


SUPPLEMENTARY STATEMENT OF MArkK M. Mitts, UNIVERITY OF CALIFORNIA 
RADIATION LABORATORY 


PLEASE Note.—The written material in part II below is essentially just bibli- 
ography. By verbatim abstract of various texts and data tables something like 


a combined textbook-handbook may be compiled. This possibility is indicated 
by the notes: 


Verbatim (for text). 
Copy figure (for diagrams). 
Copy table (for data). 
General bibliography is indicated separately. 


IJ. RADIOACTIVITY AND RADIATION 
A, Atom, nucleus radioactivity 


(Includes: Nature of radiation, mass and energy, fundamental particles, 
radioactivity, nuclear reactions. ) 
Verbatim (including figures): From: H. D. Smyth, Atomic Energy for Mili- 
tary Purposes, Princeton Press, 1945. Part of chapter I, pages 1-21. 
Additional bibliography: 


1. I. Kaplan, Nuclear Physics, Addison-Wesley, 1955. Especially chap- 
ters 1, 2, 3, 8, 9, 10, 11, 13, 14, 15, 16, 19. 


2. E. Pollard and W. L. Davidson, Jr., Applied Nuclear Physics, Wiley, 
1942. Especially chapters 1, 2, 5, 6, 10. 
3. F. Rasetti, Elements of Nuclear Physics, Prentice-Hall, 1936. Epecially 
chapter II. 
B. Interaction of radiation with matter 


(Ionization, energy transfer, penetration, absorption, attenuation, induced 
radioactivity, secondary radiations, neutrons.) 

Verbatum (including figures and tables): From: EB. Pollard and W. L. David- 
son, Jr., Applied Nuclear Physics, Wiley, 1942. All of chapter 2, pages 10-17; 
part of chapter 3, pages 18-23 (down to “Applications of”). 

Additional bibliography: 


F. Rasetti, Elements of Nuclear Physics, Prentice-Hall, 1936. Especially 
chapter ITT. 

I. Kaplan, Nuclear Physics, Addison-Wesley, 1955. Especially chapters 
13, 14, 15, 18. 


0. The roentgen and the curie 


(Roentgen, curie, relative biological effectiveness (RBE) ). 


Verbatum: From: M. S. Fair, chapter 2.2, volume I, The Reactor Handbook 
(AECD-3645), United States Government Printing Office, 1955. All of chapter 
2.2, pages 629-635. 
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Additional bibliography: United States Department of Commerce, National 
Bureau of Standards, Maximum Permissible Amounts of Radioisotopes in the 
Human Body and Maximum Permissible Concentrations in Air and Water, 
Superintendent of Documents, 1953. (Usually known as NBS Handbook 82. 

D. Neutron fission and chain reactions 

(Includes: fission reaction, chain reaction). 

Verbatum (including figures) : 

(1) From: H. D. Smyth, Atomic Energy for Military Purposes, Princeton 
University Press, 1945. Parts of chapters I and II, pages 22-39, ending on 
page 39 at “Availability of materials”. 

(2) From: The Reactor Handbook (AECD-3645) volume I, Physics, 
Tables 1.2.11, 1.2.8, 1.2.9, 1.2.10, figure 1.2.13. 

Additional bibliography: 

I. Kaplan, Nuclear Physics, Addison-Wesley, 1956. Especially chapters 
18, 19, 20. 

S. Glasstone and M. C. Edlund, The Elements of Nuclear Reactor Theory, 
Van Nostrand, 1952. 

The Plutonium Project, Nuclei Formed in Fission, Decay Characteristics, 
Fission Yields, and Chain Relationships, Rey. Mod. Phys. 78, 513 (1946). 

PB. Nuclear fusion and thermonuclear energy 

Verbatum: (None). 

sibliography: R. F. Post, Controlled Fusion Research, Rev. Mod. Phys. 28, 338 
(1956). 

Nucleonics, page 23, December 1955; page 42, February 1956. 


F. Particle accelerators as source of radiation hazard 


Particle accelerators produce infinitesimal amounts of radioactivity as com- 
pared to fission nuclear reactors. Safe management of radiation and radio- 
activity is, of course, required ; but there is no hazard to the public. 

Bibliography: I. Kaplan, Nuclear Physics, Addison-Wesley, 1956, chapter 21, 
pages 541-560. 

Note.—The bibliography for part III below is given at the end. The material 
given below is itself an actual insert for the record. 


III. CONTROLLED FISSION AND FUSION REACTORS AND THEIR POTENTIAL AS A 
SOURCE OF HAZARD 


A. Fission reactor (nuclear reactors) 


1. The nature of fission chain reactors—(a) Description: Geometrically, a 
nuclear reactor installation is often arranged (starting from the center and 
working outward) as follows: core region, consisting of fuel, moderator, fertile 
material if any, cooling passages; reflector and/or blanket, consisting of neutron 
reflector and additional fertile material, if any; cooling if needed; reactor tank, 
a substantial mechanical structure containing the core and reflector regions; 
shielding to confine nuclear radiations inside the core-reflector system (for 
power reactors the shielding can be ten feet thick and weigh many hundred tons— 
it represents a substantial mechanical barrier as well as a radiation barrier) ; 
reactor room, containing instruments and controls ; and containment shell outside 
the reactor room to prevent escape of radioactivity to the surrounding area if 
material should escape the shield. The massive shield can serve to protect the 
containment shell from any mechanical violence originating inside the reactor. 

The components of a nuclear reactor installation may be classified into six 
main parts according to function: basic nuclear system, nuclear control system, 
heat removal (cooling) system, reactor structure, shielding, and external con- 
tainment shell. 

The basie nuclear system includes the nuclear fuel, fertile material if any, and 
neutron moderator inside the core and the neutron reflector outside the core. 
Coolant or structure may provide some of these functions. The basic nuclear 
system sets up the conditions enabling the system to go critical, and determines 
the neutron spectrum and neutron economy. A high ratio of fuel (U-235, Pu-239, 
U-233) to other materials can lead to a fast spectrum reactor, the neutrons are 
absorbed to cause a fission before slowing down. 

The nuclear control system interacts with the basic nuclear system to provide 
control of the chain reaction and set the reactor power level. Important ele 
ments are: Instruments such as sensing elements (ion chamber, fission chamber) 
and circuitry to indicate the intensity of the chain reaction. An auxiliary neu- 
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tron source to be inserted in the reactor at low power levels so that the instru- 
ments may always have a detectible level of neutrons and monitor low-power 
operation. Neutron control elements (control rods) that are inserted in the core 
or reflector and actually control the neutron by absorption or multiplication. 
Mechanical linkages and servo systems that move the control elements on human 
or automatic command. 

The heat removal system consists of coolant flow passages inside the core and 
appropriate external pumps and piping. An ultimate heat dump to the atmos- 
phere or a river must be provided. 

The reactor structure consists of the basic mechanical support to keep the 
yarious components in proper position. For example, a portion of a fuel element 
is usually present for structural reasons. 

The shielding and containment components have been mentioned previously. 

(b) Complexity: From the brief description above, it may not be obvious that 
nuclear reactors are complex. In general, except for very simple critical assem- 
blies, nuclear reactor installations are large, complex facilities requiring consid- 
erable engineering management and coordination in their design and construc- 
tion, and good administrative management in their operation. 

Even if all the basic problems are understood (and there still remain some 
unknowns), this complexity makes it very difficult to predict the detailed behavior 
of such a machine from first principles. Seemingly unimportant features can 
be overlooked, and ean be of practical significance. 

Currently, with the rapid strides in reactor development which are underway 
in the United States, not only are individual reactors complex but also the whole 
picture of reactor technology is changing extremely rapidly as many novel types 
of machines are investigated and put into development (reference 1). 

(c) Reactor control: 

(i) Delayed neutrons: A brief description of the elements of a nuclear reactor 
control system has been given. The feasibility of practical reactor contral lies 
in the fact that some of the neutrons emitted in the fission reaction are emitted 
after some delay from the decay chains of the fission fragments. 

Within a nuclear reactor neutrons are being repeatedly produced and ab- 
sorbed. The time between the birth and death of a neutron is ealled the neutron 
lifetime (or neutron generation time). This time is quite short, one millisecond 
for a large graphite moderated thermal reactor to as short as one tenth of one 
microsecond for a fast neutron spectrum reactor. The quantity, k, the multi- 
plication of the reactor, is defined to be the ratio of the average number of neu- 
trons in a given generation to the average number in the preceeding generation. 
The following definitions are usual: 

7: 

(1) k>1, the reactor is supercritical, the neutron level and power level 
are increasing. 

(2) k=1, the reactor is critical, the neutron level and power level are 
constant. 

(3) k<1, the reactor is subcritical, the neutron level and power level are 
decreasing. 

Now k works on each new generation of neutrons, and acts like compounding 
interest. Consider a supercritical reactor assuming no delayed neutrons and 
with k=1.02. The neutron level (and power level) will double in 35 generations 
or (with one millisecond generation time) at the end of 0.085 second! With 
k=1.005, the time to double the power is 0.14 second. 

Ye now consider the delnyed neutrons. In the case of U-235 of all neutrons 
produced in fission, a fraction 0.0073 are produced with an average delay of 10 
seconds. As long as (k—1) is less than the delayed fraction the reactor sets as 
if the neutron generation time were several seconds rather than the 0.001 second 
of the preceeding example. Detailed calculations give the table: 


Time to double power ! 


: aang ane 


No delayed neutrons Fraction delayed 
| neutrans is 0.0073 
| 
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1 Neutron generation time 0,001 second, 
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This is an example of a general result: as long as kK—1 is less than the fraction 
of delayed neutrons, the reactor power level changes over periods of seconds to 
minutes and the reactor is easy to control. If k—1 appreciably exceeds the de- 
lay fraction (0.0073), the reactor changes power quite rapidly. The control of 
all reactors exploits this fact, and their planned operation keeps the excess re- 
activity, k—1, less than the delayed fraction of neutrons. It is entirely practical 
to design reactors and control systems to do this, although variations due to fuel 
burnup and reactor temperature changes may require as much as 0.30 excess re- 
activity in the basic nuclear system which is “held down” by control rods. 

As long as the excess reactivity is well within the fraction of delayed neutrons 
(sometimes called a dollar and indicated by $), the time behavior of the reactor 
is determined by the delayed neutron periods (seconds to minutes) and a fast 
spectrum reactor is as readily controlled as a thermal spectrum reactor despite 
the much shorter fast spectrum nutron generation time. With a fast reactor 
care must be taken not to exceed the delayed fraction. 

(ii) Reactivity effects: In many reactors it turns out that the reactivity, or 
value of k—1, is changed when the reactor temperature is changed. Since a re- 
actor produces heat, it can change its own temperature. 

If increasing temperature increases the reactivity, this can lead to higher power 
levels, more heating, and the reactor can boot-strap itself into a nuclear excursion, 
Such a reactor is said to have a positive reactivity coefficient, to be unstable, and 
is called autoeatalytic. Such machines are dangerous and should be avoided. 

If increasing temperature decreases the reactivity, it is said to have a nega- 
tive reactivity coefficient and is usually called a stable reactor. 

For either positive or negative reactivity coflicient there may be a time delay of 
several seconds or more between a change in power and an effect on k. (For 
example, the time to conduct heat from a fuel element into a moderator which 
changes the behavior of thermal neutrons). This delay may allow feedback and 
divergent reactor power level oscillation even when the cofficient is negative, 
The oscillations take some time to build up, and there is usually ample time to 
shut the reactor down if this occurs (reference 2). Nevertheless, even this 
should be avoided whenever possible. 

(iii) Built-in control: At sometime, practically everyone makes mistakes, 
for this reason, it is usually considered very desirable to have negative, quick- 
acting, reactivity coeflicients. Then if a mistake is made in manipulating the 
controls (as in wiring-up the control system if it is automatic), the reactor it- 
self will control itself. This intrinsic, built-in, stability appears to be attain- 
able for many reactors and is a continuing goal of reactor design. 

2. The Nature of Nuclear Reactor Hazards.—The hazard of a nuclear reactor 
is due to the possibility of release of the large quantity of radioactive material con- 
tained within it.. | The bulk of this radioactivity is due to fission products al- 
though some is due to neutron activation and the nuclear fuels. 

If substantial quantities of radioactivity escape, we know from the Brookbaven 
- report that this can be a very serious matter (reference 3). The essential point 
is to prevent an escape of radioactivity. 

Nuclear reactors cannot explode like an atomic bomb, or produce a nuclear 
explosion as violent as chemical explosives.? This is true for even fast reactors 
(reference 4). There is no explosive danger to off-site people (the public). 

If material does escape from the reactor, the major radioactivity and major 
hazard is due to fission products. They constitute many different chemical 
species, and this makes cleanup and decontamination difficult since no single 
procedure will get them all. 

This hazard is real; in its worst form it can be serious indeed (reference 3), 
and it should not be ignored. However, I feel sure that if proper attention is 
given to the problem, particularly the technological aspects of safe reactors, that 
coutrolled fission reactors can very rapidly supply increasing material benefits 
to mankind. In this connection, the Division of Reactor Development of the 
Atomie Energy Commission has an effective and expanding program of research 
underway directed to the technological aspects of reactor hazards (reference 5). 





1By employing liquid fuel, and by continuous chemical processing during reactor opera- 
tion, this large accumulation of radioactivity can be almost eliminated. ‘This is an 
attractive safety feature of the liquid homogenous reactor, 

2 For certain kinds of reactors, if they should get out of control and melt, there is a 
possibility of chemical explosion from reacting core components. Aluminum fuel plates 
in water coolant-moderator are an example. If the plates were to melt (due to a nuclear 
excursion) an explosive aluminum water reactor could theoretically occur. Whether it 
will really occur, and oceur rapidly, in a nuclear reactor is not clearly settled. More 
ee work is needed to clarify this problem. Even so, there is no off-site explosive 
hazard, 
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The hazard of a nuclear reactor can be thought of as the product of two factors: 
the consequences of a radioactivity release, and the chance that such a release 
might occur. Both are discussed in the Brookhaven report (reference 3). The 
chance of a release is not known on the basis of experimental statistics (of the 
kind obtained by insurance companies on human life expectancy). Fortunately, 
no serious releases of radioactivity from a nuclear reactor have occurred so there 
are no Statistics. I hope such statistics will not be forthcoming. 

As pointed out in Section 1: The Nature of Fission Chain Reactors, reactor 
technology is undergoing rapid growth in the number of reactors, in the variety 
of reactor types, in the number of novel kinds being investigated, and in the 
number and variety of new organizations undertaking reactor activities, Fur- 
thermore, reactors are complex machines. Consequently, the ultimate responsi- 
bility for reactor safety will have to rest with the organizations that design, 
build, and operate nuclear reactors. However, systematic review by a skilled 
body of experts can help such organizations to achieve adequate coverage of 
hazard problems. 

8. Technical aspects of hazards.—The following description is not exhaustive 
but illustrative. It is frequently helpful in organizing hazard considerations. 
Often some particular reactor will exhibit some specific characteristics which re- 
quire careful attention, but which are not included in the following summary. 

Nuclear reactors may break open and release fission products by undergoing 
(1) a runaway nuclear excursion (as runaway nuclear oscillation, (2) by melt- 
down due to radioactive decay of the accumulated fission products if adequate 
cooling of the reactor is not maintained (this can happen even if the neutron 
chain reaction and the associated fissions are stopped), and by (3) possible 
chemical reactions between the core components. 

The possibility of runaway, and desirable reactor stability features were 
mentioned in the section 1 (c) Reactor control. 

Cooling failure may occur due to failure in the external cooling system (pipe 
failure, loss of pumping power) as due to plugging of flow passages in the core 
(perhaps due to melting brought about by a nuclear runaway). The inability 
to completely “shut-off” heat generation poses a difficult problem. Continuous 
fission product removal requires liquid fuel, or emergency, standby, cooling sys- 
tems are ways to mitigate this problem. 

Chemical reaction, clearly not present under normal conditions, may take 
place if the core is melted either by cooling failure or by a nuclear runaway. 

More conventional sources of disruptive energy, possibilities which also re- 
quire care, are: Steam explosion in boiling water or pressurized water reactors, 
sodium fire with liquid metal cooled reactors, combustion of organic moderators, 
or burning of air-cooled graphite piles. 

4. Reactor types—The power level, and therefore the quantity of fission prod- 
ucts, usually progresses with reactor types from extremely large for power and 
production reactors, to large for research and test reactors, to substantial for 
reactor experiments, to negligible for critical experiments. Fortunately, the 
chance of a radioactive release would appear to run the other way. The power 
and production reactors are run on steady routine schedules, the large research 
reactors are nearly the same in this regard, the “reactor experiment” reactors 
are less known and less routinely operated, and the critical experiments are 
flexible (variable in geometry and nuclear characteristics). The only nuclear 
runaway accidents of any moment have occurred with critical experiments or 
with reactor experiment reactors. 

At startup, a brand new nuclear reactor has not accumulated radioactivity. 
Although the startup procedure is more risky than regular operation because the 
precise calibration of the reactor is not established (the startup procedure sup- 
plies this precise calibration, the absence of accumulated radioactivity minimizes 
the risk and makes publie hazard almost negligible. 

5. Radioactive waste.—Radioactive waste materials from reactor operation 
present a problem requiring care and good management. They do not represent 
an acute hazard problem like that of a malfunctioning reactor. 

B. Controlled thermonuclear reactors.—The hazards that may eventually be 
encountered from controlled thermonuclear reactors are very difficult to an- 
ticipate, may turn up in a totally unexpected quarter, and may well turn out to 
be negligible. With the understanding that what follows is “crystal gazing,” 
I will attempt to answer the questions suggested by the outline. 

1. Radioactive hazard: The nuclear fuels for thermonuclear system are not 
radioactive, with the exception of tritium (Post, reference 6, suggests D, T, He-3, 
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Li-6, Li-7). Tritium is no hazard outside the body. The fission fuels are 
hazardous with Pu-239 and U-233 having much more stringent limits than tritium 
in the body. 

Perhaps the best test is delayed, activated, and produced, activity associated 
with the reactions. Assume for example: 

For the fission reaction 

n+U—235>f.f.+2.5 n (2 Mev., each) 
For the thermonuclear reaction we add up the first three given by Post (refer- 
euce 6): 
D+D>He*+n (2 Mev.) 
D+D-T+p 
D+T- He'+n (14 Mev.) 
5D-> He®+ He‘+p+n (2 Mev.)-+n (14 Mev.) 
Assuming arbitrarily that: 
(1) 2 Mey. neutrons do some activatien in fission and fusion. 
(2) i4 Mev. nenfrens to 3 times the activation as 2 Mev. neutrons. 
(3) Half the activity is prompt and half is delayed. 
(4) The 2.5 x 2 Mev. neutron activation is 6 Mev. prompt and 6 Mev. de- 
layed. 

For the fission system the assumptions (3) and (4) are reasonable but 
arbitrary. They may be meaningless for fusion. For example, fusion systems 
may be designed to eliminate activation effects. 

With these assumptions one can make the table: 




















Fission Thermonu- 
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Immediate energy: Mer Meo 
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This implies that the delayed energy (accumulated radioactivity) could be 
about twice as bad for thermonuclear as for fission. However, some two-thirds 
of the fission reaction accumulation is fission products which are essential for the 
machines’ operation. The thermonuclear machine could be desigued for minimum 
activation if necessary. 

2. Other hazards: Without a design, speculation is very unreliable. 

3. Future energy demands: The supplies of deuterium in the world (oceans), 
in terms of energy, represent an inexhaustible supply of power compared to 
present consumption (about 10 billion years). 

4. Time scale for thermonuclear development: This prediction is difficult, and 
I will assume that economic fusion power is of interest. One may argue as 
follows: 

(1) Currently fusion has not reached the development of the late 1942 Chicago 
fission pile (14 years or more behind fission). 

(2) Fission is not yet economic, but may be so by 1970 (W. K. Davis, private 
communication) (12 years), 

(3) Fusion development seems harder than fission development (5 years). 

(4) Fossil fuel shortage will be eased by fission reactors by the time fusion of 
practical interest so that the economic pressure for fusion development will 
be reduced (5 years). 

If all this is added together: 

Practical economic fusion not before the 1990's. It is possible, but unlikely, 
that this could move up to the 1980's with remarkable luck. 
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Representative Horrrterp. The committee will stand adjourned until 
2 o'clock when we will have Dr. Graves and the people from the De- 
partment of Defense before us. 

(Whereupon, at 12:30 p. m., the committee recessed, to reconvene 
at 2 p.m., of the same day.) 


AFTERNOON SESSION 


Representative Hortrrerp. The committee will be in order. It is 
our intention this afternoon to have testimony on the production of 
radiation and radioactivity by the detonating of nuclear weapons. 

Our first witness on this subject is Dr. Alvin C. Graves, of the 
Los Alamos Laboratory. Dr. Graves, this committee is pleased to 
have you before us again. You have been before us many times over 
the past 10 or 11 years, and I know of no one that is better qualified to 
give us testimony on this subject than you, because you have had charge 
ina great many instances of these weapons tests. 

So at this time, sir, the committee would be glad to hear your 
testimony. 


STATEMENT OF DR. ALVIN C. GRAVES, LOS ALAMOS SCIENTIFIC 
LABORATORY ° 


Dr. Graves. Mr. Chairman, we are teachers at heart and are used 
to talking at the blackboard. So if you will pardon me, I will feel 
much more at home if I can talk at the board. 

I would also like very much to express my regret to you that I was 
unable to prepare a written statement for you in time to be submitted 
for the record beforehand. On the other hand, I do have a written 
record here now, and if I may leave this with you, you can make such 
disposition of it as seems appropriate to you. 

Representative Hortrrerp. Thank you. 

Dr. Graves. In this, the fifth topic of the hearings before your com- 
mittee, you have asked me to cover the production of radiation and 
radioactive materials by nuclear-weapon detonations. 

Although Dr. Mills in his discussion this morning went into the 
fission and fusion processes to some extent, I would like to go over 
some of the material that he covered, because the preduction of radia- 


a 





®Physies. Date and place of birth: November 4, 1909; Washington, D. C. Edueation: 
Bachelor of science, Virginia, 1931; doctor of philosophy (physics), Chicago, 1939. Work 
history: Instructor, physics, Texas, 1939-41; assistant professor, 1942-42; a&sociate 
rofessor, 1942-:;-member stuff. metallurgical laboratory, Chicago, 1942-43; Los Alamos 
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activities, 1951-; with Office, Scientifie Research and Development, 1944. Physical Soe. 


Mass spectroscopy; cosmic rays; neutron physics; nuclear reactions, (From American 
Men of Science.) 
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tion and radioactive material is in this set of processes and, unlesg 
we cover them carefully, we will not be able to make the production 
of radiation understandable. 

Moreover, in view of the desire to have this hearing not only for 
our own purposes but for purposes of informing the public, I hope you 
will bear with me if I speak to some extent on material which 1s well 


known to you. 

Representative Horirrerp. Would you like to have the prepared 
testimony put in as you have prepared it, Doctor Graves? 

Dr. Graves. If you would. 

Representative Hotirierp. It will be accepted on that basis. 


(The statement referred to follows :) 


Tue PropuctioNn oF RADIATION AND RADIOACTIVITY BY DETONATING 
NUCLEAR WEAPONS 


(By Alvin C. Graves) 


In this, the fifth section of the hearings before your committee, you have 
asked me to cover the production of radiation and radioactive materials by 
nuclear-weapons detonations. Although earlier witnesses have presented you 
with general background material on atomic radiation and its effect, I feel it 
appropriate to risk some repetition in my discussion since the origin of radiation 
and radioactive materials in detonations is in the fission process and in reactions 
with neutrons produced in the detonation. In view of your desire to use this 
investigation to inform the public on the subject of fallout from nuclear-weapons 
tests, I should like to request your indulgence if I speak to some extent on mate- 
rial which is already well known to you. 

1. Description of nuclear-weapon detonation 

Nuclear weapons differ from normal high-explosive bombs in three important 
respects. In the first place, their energy may be made orders of magnitude 
greater; second, their detonation is accompanied by intense thermal and nuclear 
radiation ; and, third, there remains when the detonation is completed extremely 
large amounts of radioactivity. In describing the detonation of an atomic 
weapon completely, one should discuss in great detail blast effects, which differ 
in some important ways from blast effects of normal explosions, thermal radi- 
ation, and light which, as mentioned above, are novel features of nuclear deto- 
nations, initial nuclear radiations consisting of gamma, neutron, alpha, and beta 
radiations and, finally, delayed radiations. However, for purposes of this hear- 
ing, I propose to place my major emphasis on the last two of the above topics. 

The release of energy in nuclear detonations deposits a very large amount of 
energy in a very sinall region of space in an extremely short time. For example, 
the complete fission of 1 pound of uranium (a little over a cubic inch) would 
produce an amount of energy equivalent to 9,000 tons of TNT, and the fusion 
of a pound of deuterium would produce energy equivalent to 26,000 tons of high 
explosive. Hence, the initial effect is a rise of temperature of bomb materials 
to a very high temperature of many million degrees as contrasted with perhaps 
5,000 degrees in the case of ordinary high explosives. This extremely high 
temperature, not very different from that at the center of the sun, is accom- 
panied by tremendous pressures such that, at a very few microseconds, pressures 
of the order of millions of pounds per square inch exist, and an expansion of 
vaporized bomb materials begins to take place. At 0.7 millisecond, the fireball 
for a 1-megaton detonation will have a radius of 220 feet, and at about 10 seconds 
will have reached its maximum diameter of about 7,000 feet. This growth in 
size is accompanied by a decrease in temperature and pressure, formation of a 
shock wave which produces the familiar blast effects and, at the same time, 
the fireball begins to rise and to engulf large quantities of surrounding mate- 
rials, air, dirt, or water, depending on the particular situation in which the 
bomb was detonated. While the ball of fire is still luminous, fission products, 
fissionable material, bomb casing, and other materials will be present in the 
form of vapor, whereas, as the fireball increases in size and cools, these vapors 
will condense and be absorbed in or on other particles such that the cloud be- 
comes a mixture of gaseous and solid radioactive particles. The cloud from a 
weapon in the megaton range would rise initially at a rate like 250 miles per 
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hour and, after a minute, would have risen perhaps 4 miles or more. It is the 
extremely rapid rise of fireball which makes meaningful a distinction between 
immediate or prompt radiation and delayed or residual radiation. The amount 
of radiation which can reach a point from distances like 4 miles is small and, 
hence, establishing an arbitrary division by defining all radiation delivered in 
the first minute as prompt radiation and all after 1 minute as residual radiation 
tends to correspond to a distinction between that radiation which is delivered 
from the fireball and that which is delivered from fallout, or from deposited or 
induced radivactive materials. Because of its connection with the problem of 
radiation, the following table is given as an illustration of the rise of a cloud 
from a 1-megaton detonation. 


Rate of rise of cloud from 1-megaton detonation 





| 
Height (miles l'Time (mint tes)! Rate of rise 
(miles per hour) 


DEbinwinesedacbkebovedsacucusscusensseudubhims chuewannecesaaaapecen 0.3 300 
Diddomeds cccecessocceccesccccscceswccsscccecscecneneneess sc cbccceksebeuns 0.75 200 
Cicccene cn cccccwwnwccceswe nc cnesnnwennccccsccuscccsncncnnsccsécesdeceases 1,4 140 
Uae eme nn mnaimetouenm ede e tid tiggiiplh wens bm tiltirdedeusinmertatecaieks dieimamaaiedeaal 3.8 90 
BEiccenesce tc necatessecencnsnesccenssusanccancnesccanensonsendsodensasate 6.3 35 





With different detonation yiclds and atmospheric conditions, different times 
and rates of rise would, of course, be observed. 


2a. The fission process 


For our purposes, an atom may be represented as composed of a massive cen- 
tral nucleus and a number of relatively light electrons rotating about it. The 
revolving electrons are important in ordinary chemical reactions, but in nuclear 
reactions it is the nucleus which is of importance. In most reactions in which 
a neutron is involved, the resulting nucleus will have nearly the same mass as 
the original nucleus and, hence, the number of possible product nuclei is very 
small. In the fission process, where the fissioning nucleus splits into two un- 
equal pieces, both of which are very different in mass from that of the original 
atom, the number of possible product nuclei is very large indeed. It seems, for 
example, that U-235 may be split in something like 40 different ways, and that 
over 200 different nuclides, counting primary fission fragments and decay prod- 
ucts, may be formed. Since these products are highly radioactive, for reasons 
that I will discuss, the resulting radioactivity is that of s mixture of many radio- 
active nuclei with different periods and different modes of disintegration. 

The simplest atomic nucleus is that of hydrogen, which has an atomic mass of 
1, contains 1 unit of electrical charge, and is known as the proton. All other 
atomic nuclei contain a number of protons and neutrons. The neutron also has 
an atomic mass of 1, but has no electrical charge. Hence, a neutron can be 
converted to a proton by loss of an electron. In nature there appears to be a 
strong tendency for the number of neutrons and protons in nuclei to be equal. 
For example, the helium nucleus contains 2 neutrons and 2 protons. The nucleus 
of 1 species of lithium contains 3 neutrons and 3 protons; boron, 5 neutrons and 
5 protons; carbon, 6 and 6; nitrogen, 7 and 7; oxygen, 8 and 8; and so forth. 
Hence, uranium, with its 92 protons and 143 neutrons, is very neutron rich, and 
fragments resulting from fission are unstable such that, to become stable, they 
must either lose neutrons or convert neutrons into protons. Both processes 
occur. A number like 2, 3, or 4 neutrons is emitted, essentially instantaneously. 
And then, at various times from a small fraction of a second to many years, a 
nuclear neutron is converted into a nuclear proton by the emission of an electron. 
A fraction of 1 percent of emitted neutrons are delayed. That is, although about 
9914 percent of neutrons will be emitted within about 10 to 12 seconds of fission, 
% percent will be emitted at times as long as several minutes, Periods for de- 
layed neutrons vary from a fraction of a second to almost a minute. 

Reference to the fission yield curve of U-235 indicates that production of masses 
95 and 139 should be a common mode of fission of that element. A reasonable 
distribution of uranium protons suggests that these fragments might be Sr-95 
and Xe-139. These fragments would both be unstable and would decay by the 
following processes : 


Sr*®*> Y"> Zr*> Cb*> Mo*+4e--++ gamma rays 
Xe™> Cs“ Ba’ La’ +3e-+ gamma rays 
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Hence, in that particular mode of fission, 4 radioactive decays would occur in 
the light element and 3 in the heavy, with the emission of 7 electrons with 7 
different decay periods, and with the production of many gamma rays of many 
energies. In fission with slow neutrons, production of stable fission fragments 
appears to be rare, although short chains of 1 or 2 decay stages appear. Two 
of the longest known are Kr”>Mo” among lighter fission products, and 
Xe'*> Nd" among heavier. Each chain involves 6 stages of decay. The aver- 
age is about 3 stages, or slightly more. During most such processes, gamma 
rays of various energies are emitted. These phenomena, involving the conversion 
of one element into another with emission of gamma rays and electrons, are the 
cause of much of the radioactivity observed in fallout. Induced activity will 
be discussed in a later section, 
2b. Fusion process 
The fusion process is quite different from the above and, hence, has a different 

importance in radiation and fallout considerations. Among light elements, 
binding energy per nuclear particle tends to decrease with increasing mass as 
contrasted with an increase with increasing mass in heavy elements. Hence, 
along light elements energy is released when light elements are joined together 
to make heavy elements. Such reactions, because of this process of joining 
atoms together, are called fusion reactions and, because they can be initiated and 
sustained by high temperatures, are also known as thermonuclear reactions, 
The number of modes is always extremely limited, at least for low energies and 
low mass numbers, as contrasted with the large number of modes in fission. 
Two atoms of deuterium, for example, can fuse in two ways; one involves pro- 
duction of hydrogen of mass 3 or tritium and a proton; the second involves pro- 
duction of helium of mass 3 and a neutron. In this case, only tritium is radio- 
active. Moreover, tritium itself has a very high probability of fusing with deu- 
terium so that, under many conditions, tritium will combine with deuterium to 
produce helium of mass 4 and a neutron. In deuterium fusion, the following 
reactions might occur: 

sH’+,H*>.He®+n'+3.2 Mev 

,H?+,H*>,H*’+,H'’+4 Mev 

,H?+,H*>-He*t+>n'+17 Mev 

-He® +.He*>.Het+2.n'+11 Mev 


Hence, the net direct result of fusing deuterium nuclei is production of protons, 
alpha particles, and many neutrons, but essentially no radioactive particles. 


2c. Induced activities 


A secondary source of radioactive materials results from neutrons produced 
in both fission and fusion processes. It was mentioned above that, depending 
on the particular mode of fission, two or more neutrons may be emitted and 
that deuterium fusion is accompanied by production of many neutrons, In any 
detonation of a nuclear weapon, some of these neutrons will escape and react 
with nitrogen atoms in air to form carbon 14 which is radioactive. In ¢ase 
detonations occur under conditions such that dirt is exposed to neutrons, many 
other neutron reactions can occur. Normally, radioactive materials induced by 
such processes have relatively short lives and will not be of major importance. 
Carbon 14, however, has a long life of over 5,000 years. Since it emits no gamma 
rays and only relatively weak beta rays, and since the amount formed will not be 
large compared to that that is present in nature, it will not be a significant 
activity. Oxygen absorbs fast neutrons to some extent, but the isotope of nitro- 
gen formed has a half-life of only 7 seconds and, after a few minutes, will 
have completely decayed. 

An important contribution to residual activity will be due to 14.8-hour sodium 
24 formed by neutron capture by sodium. It emits beta particles and two rela- 
tively high energy gammas of 1.4 and 2.8 Mey. 2.6-hour Mn-56 emits beta parti- 
cles and several high energy gammas. With some soils this element might cause 
an appreciable activity for a few hours, but within a day its activity would have 
been reduced to less than a percent of its initial amount. Si-31, with a half-life 
of 2.6 hours. is formed in appreciable quantities but is chiefly a beta emitter. 
Al-28 has a half-life of only a few minutes and, hence, will have disappeared in 
the first hour. The chlorine present in salt produces 37-minute Cl-88 which 
emits betas and high energy gammas. 

Other materials such as zine, copper, fron, glass, and salt in foodstuffs might, 
under some conditions, become active enough to be significant, Normally, how- 
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ever, induced activities will have a short half-life and make a significant contri- 
pution for only a relatively short time or will have little energy to emit. 


od. Initial radiation 


As stated earlier, initial nuclear radiation is defined as that radiation which 
is delivered during the first minute after a detonation. Although initial neu- 
trons and gamma rays constitute only about 3 percent of bomb energy as com- 
pared with 33 percent appearing as thermal radiation, a considerable proportion 
of bomb casualties can be caused by initial nuclear radiations. Fifty percent of 
people shielded by as much as about 2 feet of concrete would be killed by initial 
gammas and neutrons 1 mile from a 1-megaton bomb. A much lighter shield 
would give complete protection from thermal radiation. 

Initial radiation consists of almost all neutrons, a part of gamma radiation, 
some beta and alpha rays. Alpha particles come from two sources. They are 
emitted from fissionable materials, plutonium and various isotopes of uranium, 
or from thermonuclear or other reactions in which alpha particle emission takes 
place. Beta particles come from fission fragment decay, as well as from such 
processes as photoelectric and Compton effects. Alpha particles, besides being 
relatively rare, have a short range like an inch or so in air and, hence, are not 
important in initial radiation. Beta particles have somewhat greater range but 
still cannot reach the ground from an air-burst. Both neutrons and gammas 
penetrate air to considerable distances and both are highly injurious to living 
organisms. Hence, they constitute by far the most important part of initial 
‘radiation. To a great extent, neutrons are slowed down and captured in bomb 
materials themselves, but enough fast peutrons escape to constitute an appreci- 
able hazard at considerable distances, Only about a percent of gamma rays pro- 
duced directly in fission escape from the immediate region. However, this con- 
tribution and that of gamma rays produced in other processes, as discussed be- 
low, produce sufficient intensity at considerable distances to constitute a real 
hazard. Gamma rays present in initial radiation come from a number of differ- 
ent sources. They originate not only in fission but also in various other neutron 
reactions. First, neutrons may be captured with formation of a highly excited 
compound nucleus which may lose its excitation by emission of gamma rays. 
For example, when neutrons are captured by nitrogen to form C-14, two high 
energy gumma rays are emitted. These can be an important component of initial 
radiation. Second, neutrons may also react with nuclei with the emission of 
protons or alpha particles, and gamma rays are frequently emitted in such proc- 
esses. And, finally, neutrons may be scattered inelastically by nuclei with the 
emission of gamma rays. That is, a fast neutron in a collision with a nucleus may 
transmit some of its energy to that nucleus leaving it in an excited state. The 
excited nucleus may then revert to its normal state by emission of a gamma ray. 

Fission fragments themselves decay with periods from a millionth of a second 
or less to many years, and many of these decays during the first minute are ac- 
companied by emission of gamma rays known as delayed gammas. Although in- 
stantaneous and delayed gammas contributing to initial gamma radiation are pro- 
duced in about equal amounts, instantaneous gammas are absorbed so strongly 
that they constitute only about 1 percent of external dose. 

Gamma rays lose energy or are absorbed in going through matter, by excitation 
and ionization. It is believed that the chemical decomposition of molecules 
caused by this effect is the major cause of injury to animals and plants. There- 
fore, quantity of gamma radiation or gamma ray dose is defined in terms of 
ionization produced. The dose-distance relationships for gamma rays and 
neutrons are exceedingly complicated because of the large number of effects in- 
volved, but rough analytical expression can be obtained. Since surface area of 
a sphere increases with square of radius, intensity—that is, gamma rays (or 
neutrons) per square centimeter—will decrease with square of distance. In addi- 
tion, since gamma rays and neutrons are strongly absorbed, degraded in energy, 
and scattered in air and other materials, there will be an exponential decrease 
depending on the absorption properties of air and these materials. Due to a bal- 
ance between various effects, gamma ray dose at a given distance is roughly pro- 
portional to the yield up to about SO or so kilotons, But, above that, the dose 
increases sharply with yield such that at 100 kilotons the dose will be 50 percent 
higher than indicated by a direct proportion, and at a megaton will be high by 
about a factor of five. This increase is due to decreased air density because of 
long negative pressure phase associated with large yields, and is partly counter- 
balanced by increased dose at lower yields caused by slower cloud rise with con- 
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sequent increase in contribution from fission product gamma rays. The net 
effect is very complicated, but roughly gamma ray dose decreases by a factor of 
10 every 780 yards, in addition to inversely as the square of distance, and neutron 
dose decreases by a factor of 10 every 560 yards. Appropriate consideration of 
all the above factors indicates that dose-distance relationship for gamma rays 
can be approximated roughly by the following formula: 


8.4x10°W 
N=—————-e?’”" rems 
D* 
where W’ is yield in kilotons increased at yields of 100 kilotons or above, as 
indicated previously, and D is distance in yards. 
Neutron dose-distance relationship may be expressed to a very poor degree of 
approximation by the following formula : 


WwW 
I=1.4X10* —e-?™ roentgens 
D* 


This ignores variations because of variation in neutron capture in bomb mate- 
rials for different designs, as well as differences because of high energy neutrons 
from fusion reactions, and So on. 


Ze. Residual radiation 


About 0.11 pound of fission products are produced for each kiloton of fission 
energy yield and its radivactivity at one minute would be comparable with that 
of many pounds of radium. A megaton of fission energy would, therefore, result 
in activity at one minute comparable with that of very many tons of radium, 
During the first 24 hours there would be a decrease by a factor of more than 
6,000, but it has been estimated that this activity, if uniformly spread over 
10,000 square miles, would cause a radiation intensity after 24 hours of 2.7 roent- 
gens per hour at a distance of 3 feet above the ground. Unprotected person- 
nel in that area would receive more than 300 R after the first day. During the 
first day they would receive many times that amount. Of course, activity would 
not be spread uniformly over such an area. Actual fallout situations will 
be covered by later speakers. 

An indication of the speed with which fission product activity decreases can 
be obtained by the rough rule that for every sevenfold increase in time there will 
be a tenfold decrease in activity. For example, after 7 hours the activity would 
be one-tenth of its value at 1 hour; after 49 hours, or about 2 days, it would 
be 1 percent of its value at 1 hour; and after about 2 weeks, it would be one- 
tenth of a percent of its value at 1 hour. 

There is given below the estimated total gamma activity of fission products 
from a 20-kiloton atomic bomb, expressed in megacuries, at various times after 
the detonation. 


Total gamma activity of fission products in megacuries 


Time: Activity | Time—Continued Activity 
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8. Partition of energy from detonations 


The partition of energy from a nuclear explosion as betwen blast and shock, 
thermal radiation, and nuclear radiation varies appreciably with device design 
and with condition of firing. As a general approximation, nevertheless, I shall 
give the division which could be expected from detonation of a device of 1-mega- 
ton yield, fired within the earth’s atmosphere, but at such an altitude that 
comparatively little extraneous material would be available to be made radio- 
active by escaping neutrons (as for example, if fired at an altitude of a few 
thousand feet above the earth). To some extent such a partition is meaningless 
since eventually all forms of energy will be converted to heat. However, 
initially energy is partitioned about as follows. About half the energy would 
be released as blast or shock, one-third would occur as thermal radiation (heat 
or light), and some 15 percent would be in the form of nuclear radiation. Of 
this 15 percent roughly one-third would be initial radiation occurring within 





net 
of 
ron 
| of 
ays 


as 


of 


ite- 
ODS 


: 


ion 
hat 
ult 
1m. 
ian 
ver 
nt- 
on- 
the 
ld 
vill 


an 
rill 
ld 
ild 
ne- 


cts 
ter 


8 
06 


on 
all 
a- 
at 
0- 


SS 
PT, 
ld 
at 
Of 


RADIOACTIVE FALLOUT AND ITS EFFECTS ON MAN 59 


1 minute after firing, while two-thirds would be residual radiation. Some resid- 
ual radioactivity can be deteced for many years after detonation. 

The blast or shock energy would have effects quite similar to those experi- 
enced in case of ordinary high explosive detonations. These would consist 
of an initial shock front (the first arrival of highly compressed air), a later 
region of high and low pressures behind the shock front, and a violent wind 
flow. The latter would initially be directed in an outward direction, but later 
in a reverse direction. In the case of a typical air burst, the distance at which 
a given overpressure occurs varies generally as the cube root of yield. The 
term “generally” is used since effects such as reflection and refraction of shock 
waves, dust loading, and the like, may increase or decrease pressures and 
materially change blast effects at a given point. As an indication of the order 
cf magnitude of the effect one might expect from blast phenomena, the burst of 
a 20-kiloton weapon at an altitude of several hundred feet would destroy beyond 
economical repair multistory reinforced concrete buildings at distances up to 
a half mile. A 1-megaton burst fired under comparable conditions would cause 
similar damage at distances up to 2 miles, 

The one-third of weapon energy emerging in the form of thermal radiation 
is contained initially in a relatively small voume of air and incandescent gases 
resulting from vaporization of device components. This intensely hot spherical 
mass termed “fireball’ is visible until thermal energy has been dissipated and 
temperature reduced to such an extent that visible light is no longer emitted. 
The initial fireball temperature is of the order of several million degrees and 
thermal radiation is made up of rays in the ultraviolet, visible, and infrared. 
As the fireball cools there is a shift to long wavelengths, but phenomena are 
complicated by absorption in outer portions of the fireball and in shocked air, 
by change from emission to absorption spectra, and by changes in position and 
chemical composition of materials involved. The extent of injury or damage to 
a person or material from thermal radiation is a function of total energy and of 
time duration of pulse received. From a given weapon, or from weapons of 
comparable yield, quantity of thermal radiation energy received per unit area 
is primarily a function of distance from burst. The amount decreases inversely 
as distance squared and exponentially because of attenuation in the atmosphere. 
The period over which thermal energy is given off from an explosion increases 
with yield—that from a kiloton device being limited to a few tenths of a second 
but, for a megaton device, the period may extend to several seconds. A 20- 
kiloton burst could be expected to ignite combustible materials at ranges up 
to 2 miles, while a 1-megaton burst could have similar effect up to 10 miles. 
The 20-kiloton burst could cause first degree burns to exposed skin surfaces at 
ranges of 3 miles, while a megaton burst could cause similar burns at 14 miles. 

The partition of energy between various nuclear radiations as observed at a 
distance depends materially on device design and cannot be discussed in detail 
in unclassified language. It should be sufficient to point out that neutrons are 
efficiently converted to gamma rays in heavy materials, gamma rays are ab- 
sorbed and converted to thermal energy in heavy materials, and neutron energy 
spectrum depends materially on whether, or on the way in which, fusion re- 
actions are employed, and on the kind and amount of heavy materials used. 


4. Tupes of burst and effect on fallout 


For descriptive purposes, three types of burst can be distinguished. These 
are air, surface, and subsurface bursts. A high air burst is one in which the hot 
fireball does not touch the earth and, for a megaton device, is about 3,000 feet 
high or more. 

Initial nuclear radiations are absorbed and scattered less in low density 
air associated with air bursts. Hence, there is less energy degradation and 
mean free paths are longer. Additionally, less dirt is stirred up to further 
absorb and seatter radiation. The result is that dose at a given distance is 
greater. 

In the event of high air bursts, fission products are widely dispersed and 
very little is deposited on the ground under or near the point of detonation. 
This is the safest type of burst from the point of view of nearby regions as far 
as fallout is concerned. However, this puts the maximum amount of activity 
into the atmosphere and is the worst type as far as worldwide fallout is con- 
cerned. As height of burst is decreased toward the earth's surface, more and 
more dirt is mixed with the cloud and more of the activity is absorbed on larger, 
more massive particles and, hence, falls out locally. 
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In the case of subsurface bursts, much initial radiation is absorbed within 
a short distance of the explosion and dissipated in heating ground or water or, 
in the case of neutrons, in producing induced activities. As depth of detona- 
tion increases, less activity appears in the atmosphere and more is deposited 
locally. Under such conditions, the maximum local fallout and minimum world- 
wide fallout occurs. At sufficient depths, the detonation would be entirely con- 
tained and no fallout problem would exist. Ground water contamination con- 
centration would be a maximum for the latter case and a minimum for high air 
bursts. Subsurface bursts under water have extreme contaminating effects, 
and effects on marine life and contamination of seafood can be serious, 


5. Limitation on data 


Although initially residual radiation decreases approximately as t-1.2, de- 
partures from the law becomes appreciable after the first half year or so. Better 
data on dose and gamma ray energy as a function of time is desirable. 

In estimating dose to people one needs knowledge of shielding of typical struc- 
tures and data for calculating probable dose reduction to individuals engaged 
in typical activities. 

After long time intervals, when most activities will have decayed to such an 
extent as to be negligible, the activity remaining will largely consist of Cs-137 
and Sr-90. More data is needed on uptake of these materials in plants, their 
conversion to food, and effect on biological systems. 

In order adequately to discuss residual radiation for typical situations, much 
more data is needed as to particle size versus height in the cloud as a function 
of type of Lurst, and activity per particle as a function of particle size and 
position of particle. 

Although much effort has been expended on determination of patterns of 
Ceposition of residual radioactivity, existing data leaves much to be desired, 
especially for large yields. 

6. Recommendations 

It is recommended that: 

1. Additional effort be allocated to obtain data as indicated above. 

2. Since the actions of individuals within seconds after a detonation could 
make a difference of thousands of fatalities and could decrease the seriousness 
of many casualties, it is recommended that increased effort be expended in in- 
forming the American people of the effects of weapons and in establishing per- 
sonal civil defense. 


Dr. Graves. I would like to give you a general description of a 
nuclear-weapon detonation. 

Nuclear weapons differ from normal weapons in three important 
respects. In the first place, the energy from nuclear weapons can be 
many orders of magnitude greater. "The President has spoken about 
fission weapons of the order of 100 times greater than ordinary weap- 
ons. He has spoken about thermonuclear w eapons in the millions of 
tons. So we can speak about nuclear weapons having yields equivalent 
to millions of tons of high explosive without getting into a classified 
area at all. 

In the second place, when a nuclear weapon detonates, its detona- 
tion is a compani ied by a very large amount of radiation. 

In the third place, when a detonation is over, a considerable amount 
of residual radioactivity remains on the ground in the neighborhood 
of the detonation. 

In describing such a detonation completely, one should therefore dis- 
cuss first of all a blast or shock wave. Then one should discuss the 
thermal radiation, heat, and light which are given out at the time of 
the detonation. One should then go on to discuss the radiation that 
proceeds from the detonation, and finally discuss the residual con- 
tamination which is left on the ground. 

Because of the purposes of this hearing, I intend largely to restrict 
my comments to the latter two of these subjects, 
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The release of energy in a nuclear detonation deposits a very large 
amount of energy in an extremely small region of space. One kiloton— 
1,000 tons of high explosives—produces a certain amount of energy. 
That same amount of energy could be given out by the fission of 
something like a cubic inch of uranium whith is about a pound. 

So we have a tremendous amount of energy in a real small region 
of space. 

Similarly, in the fusion reaction, the fusion of 1 pound of deuterium 
could produce an amount of energy equal to that of about 26,000 tons 
of high explosive. Hence, the initial effect of such a detonation is 
the rise of temperature of the materials themselves to a very high fig- 
ure—many millions of degrees—whereas in a normal high explosive 
detonation, the corresponding temperatures are of the order of 5,000°. 
Hence, this very high temperature is one of the first effects of a 
nuclear detonation which is different from that of high explosive 
reactions. 

This extremely high temperature which is not very different from 
that which exists at the center of the sun is accompanied by tremendous 
pressures, such that at a very few microseconds pressures of the order 
of many millions of pounds per square inch exist. An expansion, then, 
of the vaporized bomb materials begins to take place, and at seven- 
tenths of a millisecond—that is, seven ten-thousandths of a second— 
the fireball for a 1 megaton detonation will have a radius of 220 feet, 
and at about 10 seconds will have reached its maximum diameter of 
about 7,000 feet. This is for a 1-megaton detonation. 

This growth of size is accompanied by a decrease in temperature and 

ressure, the formation of a shock wave which produces the familiar 
last effects, and at the same time the fireball will begin to rise and to 
engulf large quantities of air and other materials, depending on the way 
in which the detonation takes place. (See pp. 97-98.) 

While the ball of fire is still luminous, fission products, fissionable 
material, bomb casing, and other materials, are all present in the form 
of vapor. But as the ball of fire begins to cool, these materials con- 
dense; they form little globules in the fireball; they are absorbed on 
particles of dust and dirt which may be present, and eventually start to 
fall out in the process which will be discussed for you called fallout. 

The cloud from a megaton weapon rises initially at tremendous ve- 
locity. Its initial velocity may be as much as 250 miles an hour. Con- 
sequently, in the first minute the fireball will have risen to a very great 
height—as a matter of fact, something like 4 to 414 miles—and hence 
the radiation which reaches people on the ground in the vicinity can 
reasonably be divided into two parts: That part which comes in the 
first minute, which is sensibly that from the fireball, and that which 
comes after the first minute when the fireball is so far away that it can 
no longer have an effect and hence this radiation is from that material 
deposited on the ground, induced activity, or from fallout. 

This distinction is somewhat arbitrary and yet it is a useful distine- 
tion, and we speak thus of initial radiation as that which occurs in the 
first minute, and delayed radiation that which occurs after the first 
minute. 

It might indicate to you, because of this distinction, just how the 
cloud goes as a function of time. If I list the height of the cloud 
and the time at which the cloud reaches that height, we will say that 
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the cloud will be at 2 miles in three-tenths of a minute. It will be 
at 4 miles in three-quarters of a minute. It will be at 14 miles in 
about 6 minutes. 

Representative Van Zanpr. It is based on 1 megaton ? 

Dr. Graves. This is all for a 1-megaton bomb. 

So when we say that the initial radiation is that which occurs 
within the first minute, we are saying after that the bomb itself is so 
far away from us that the radiations from the fireball are essentially 
negligible compared to other kinds. That is basically the distinction 
between what we call initial radiation and residual radiation. 

Clearly this table will vary for different yields or different atmos- 
pheric conditions. But it is an illustration of the height to which 
the cloud will rise in a given time in order just to make clear the 
distinction between initial and residual radiation. 

Dr. Mills this morning discussed for you the fission process. I 
would like to repeat, to some extent, the information that he gave, 
in different language, chiefly because I would like to put a little 
different emphasis on the remarks that he made. 

In the first place an atom may be thought to consist of a central 
nucleus with a number of electrons rotating around it in various 
orbits. The simplest nuclens known is that of the hydrogen atom 
which has a mass of 1 and a charge of plus 1. The hydrogen nucleus 
is called a proton. All other nuclei consist of protons and particles 
which we call neutrons. The neutron is just like the proton except 
that it has no positive charge. It has the same mass but has no 
charge. 

For some reason or other, there seems to be a tendency in nature 
for nuclei to consist of about equal numbers of protons and neutrons. 
For example, the helium nucleus contains 2 protons and 2 neutrons, 
One form of lithium nucleus contains 3 protons and 3 neutrons. 
Carbon contains 6 and 6, Nitrogen contains 7 and 7. Oxygen con- 
tains 8 and 8, and so on. This is a general tendency among nuclei. 
They are stable when they have roughly equal numbers of protons 
and neutrons. 

In the uranium nucleus, which contains 92 protons and 143 neutrons, 
it is obvious that this is not the case, because now the number of pro- 
tons is very much less than the number of neutrons. 

In the fission process, therefore, when we split the uranium nucleus 
we tend to have parts which are very rich in neutrons, and hence in the 
process we would expect to find neutrons being emitted, or neutrons 
giving up electrons so that the neutrons are converted to protons. 
Hence in the fission process we would expect to find neutrons being 
emitted, we would expect to find beta particles (electrons) being 
emitted, and we would expect to find energy in the form of gamma 
rays being emitted. 

This is the basic origin for the activity and the radioactivity that is 
produced in nuclear detonations. 

In ordinary chemical reactions, the revolving electrons take part, 
and they are the things which hold the atoms together to form carbon 
dioxide, water, salt, and so on. 

It is the forces that these electrons produce in one way or another 
which cause the normal molecular reactions to occur. 
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In nuclear reactions, it is the nucleus which plays an important part. 
Tn the fission reaction we have the uranium nucleus, around this we 
will have 92 electrons. They are not shown on this chart because they 
have no importance in the particular reaction we are discussing. (Sea 
p. 98.) 

The uranium nucleus is struck by a neutron. When the neutron 
strikes the nucleus, it forms a new nucleus which is a form of uranium 
but is heavier by Lunit. It will now be uranium 236, 

Uranium 236, then, is unstable in a very strange way. It is unstable 
in that it tends to split to form two pieces. These two pieces are the 
fission fragments which we have been discussing this morning and 
which we will discuss from now on in considerable detail. 

In addition to the fission fragments, this reaction also gives off a 
number of neutrons. The number of neutrons will vary, depending on 
what the fragments are. It may be 3, as shown here, it may be 2, or 
it may be 4. But it will vary from one nucleus to another or from 
one mode of disintegration to another. 

You have heard at considerable length of the production of krypton, 
the production of strontium, the production of barium, the produc- 
tion of many things in this sort of process. What comes out depends 
entirely on how the split takes place. If you take a piece of paper 
and tear it in half, the two pieces of paper will never be identical 
if you repeat the process time after time. Similarly here, the way 
in which the nucleus splits, depends very much on chance. We may 
at one time have it split the way we have shown here, but at another 
time we may have a different set of nuclei. 

It turns out that fission can happen in some 40 different ways. 
That is, we may have 40 different pairs of nuclei produced. These 
nuclei are all radioactive; they all decay, and in decaying go through 
a number of different stages of decay. All in all, we may find some 

200 different radioactive species present in fission debris. That is 
there are the original 40 pairs produced by these 40 modes, and all 
of their daughters and granddaughters, a total of something like 200 
different species of radioactive atoms, 

I have another chart which shows the way in which this is done, 
I have listed on the bottom here the masses of these nuclei. Then 
up the side are listed the percents formed. This says 10 percent of the 
fission that occur will produce these elements. One one-hundredth of 
a percent would produce these. One one-hundred-thousandth of a per- 
cent would produce these. (See p. 96.) 

What we have done is to try to illustrate the relative frequency 
with which a given mode of fission will occur. You will notice that 
in fission there is a strong tendency to produce a light fragment and 
a heavy fragment, and th: at there is very little probability of produc- 
ing symmetrical fission, in which the two fragments would be equal. 
This figure ean v ary with a particular fissioning material that you 
use. This chart is drawn for uranium 235. If we were going to draw 
it for plutonium we would have a slightly different ch: it. If we were 
going to draw it for fast neutrons, we would again have a different 
chart. But for a specific case this is an illustration of the way, or 
the many ways, really, in which fission could occur. 

One would expect, then, from this particular chart to find that 
masses in the region of 95—somewhere along in here | point to chart] 


and masses in the region of 140 or something of that sort, would ocs 
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cur quite frequently. Hence we would expect that we might have 
a case where strontium 95 was produced as the light fragment and 
xenon 139 as the heavy fragment. You notice that this strontium 95 
is not the strontium that we were talking about this morning. The 
strontium this morning was strontium 90, This is strontium 95. It 
behaves like any form of strontium chemically. You cannot dis- 
tinguish it from normal strontium chemically. But it is different 
nuclearly. Strontium 90 has a half-life of 28 years. This form of 
strontium has an extremely short half-life, of the order of a very 
small fraction of a second. It decays to yttrium 95, and you will re- 
call that strontium 90 also went to an isotope of yttrium, yttrium 90, 
Yttrium has a different half-life, and for yttrium 95 is very short. 
These two half-lives are so short we do not know what they are, but 
they are each a very small fraction of a second. Yttrium 95 then goes 
to zirconium, and this goes to columbium or niobium, whichever is the 
name you prefer, and this finally goes to molybdenum, which is stable. 

You notice in this process what has happened in that one of the 
neutrons in the nucleus of strontium 95 has given up an electron and 
thus converted itself into a proton. The mass has stayed at 95 all the 
way through the process, but we have lost an electron in each one of 
these stages, or we have gained one unit of positive charge. 

So when strontium becomes yttrium, we have lost no mass, we have 
lost a negative charge, and similarly here and here [indicating at 
blackboard] hence this process which I am describing is accompanied 
by the loss of four electrons, and at each stage gamma rays will be 
emitted. That is, this strontium will be in a very excited state. In 
order to lose its excitation it emits a gamma ray or several gamma 
rays, so that not only electrons but also gamma rays are emitted. 

Similarly xenon 139 will also decay with the production of elec- 
trons and gamma rays. It goes first of all to cesium 139. Cesium de- 
cays to barium. Barium decays to a form of lanthanum, and this is 
the stable lanthanum, as I recall it. 

Again, let me emphasize that in this particular mode of fission 
which is one which should be most prominent, we have a net effect of 
the production of seven electrons, numerous gamma rays, and a large 
amount of energy. This is just an illustration of what may happen. 

Other chains that can occur can be different from this but they will 
have this similarity, that they will produce electrons and they will pro- 
duce gamma rays, and in the fission process, neutrons will be emitted. 
Almost never in the fission process are stable isotopes produced. It 
just so happens that when a fission reaction occurs, the fragments 
themselves do not appear in the form of stable nuclei. They are 
always in an unstable form and try to lose neutrons or electrons to 
become stable. 

However, we do find a type produced which will have only 1 stage, 
or perhaps 2 stages of decay before becoming stable. Then we will 
have some which produce very many more. We have several that will 
produce as many as six. For example, krypton 97 among the light 
elements, and xenon 143 among the heavy, produce the longest decay 
chains that we know of. Each one of these has six stages of decay. 
Each emits six electrons and many gamma rays. 

Senator Bricker. Does the breakdown in krypton follow the same 
line as it does in the 95 group 4 
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Dr. Graves. Yes, it is exactly the same process. ; You will have six 
stages. Here you lose one electron—that i is, you go from krypton to 
the next element and so on—you do not change the mass at all. There 
are a few cases, and only a few, where instead of losing an electron like 
this, you will lose a neutron. ‘This is a very rare occurrence and is the 
origin of the delayed neutrons. Almost invariably the decay process 
is similar to the one given here. 

Senator Bricker. You say that krypton 97 gives off six products in 
the decay process. What are the additional ones? 

Dr. Graves. I don’t have them here. It ends up again in a form 
of molybdenum. I can list many of them. 

Senator Bricker. It is the same end result ? 

Dr. Graves. Yes, sir. Instead of being molybdenum 95 it is molyb- 
denum 97. Then there will be niobium, zirconium, and yttrium ‘97. 

Senator Anprerson. How do you know whether it will be strontium 
95 or strontium 97¢ You end up with strontium and molybdenum 95 
which you say is relatively harmless. 

Dr. Graves. It is stable. 

Senator Anperson. When do you get to the strontium 90? 

Dr. Graves. We started out with this element with a mass 95. If 
we start out with an element of mass 90 right here then we would have 
ended up with strontium 90. That also is a very prominent member. 
It happens quite frequently. 

Senator Anperson. Let me ask it this way, Doctor Graves: Are 
there any statistics showing how frequently this fissioning results in 
strontium 90 and how frequently it results in strontium 95 or strontium 
97? 

Dr. Graves. That is what this chart shows. 

Senator Anperson. That is what that chart shows? 

Dr. Graves. This says that in about 5 percent of the cases the chain 
which includes strontium 90 occurs. It may vary from 3 percent to 5 
percent, but it is about that number. 

Senator Anprrson. In other words, one-tweitieth of the time, you 
would say ? 

Dr. Graves. Yes, sir. 

Senator Bricker. Is your molybdenum 97 found in nature? 

Dr. Graves. Yes, sir. 

Senator Bricker. All of the end products of these decaying processes 
are natural elements? 

Dr. Graves. Yes, sir. 

Senator Anperson. ‘Then if there is discussion of bombing and peo- 
ple talk about strontium 90, there is a possibility that several bombs 
might be exploded and no strontium 90 at all exists. 

Dr. Graves. As long as fission occurs, the probability is 1 in 20 that 
roughly 5 percent of the fragments which are produced will be 
strontium. 

Senator Anperson. It is a fairly regular pattern that happens in 

most explosions where a portion of it is strontium 90, a portion is 95, 
and a portion is 97, but it isa relatively small portion ? 

Dr. Graves. As a matter of fact, when scientists are discussing the 
things that we do not know, or the things that we disagree on, this is 
not one of them. Data of this sort—the real input data—is very well 
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known. The question is on what effect this will have on a human 
being. I donot want to discussthat. This part is known. 

Senator Anperson. Cesium 139 has some members of its family that 
are destructive. 

Dr. Graves. Yes. Strontium 90 as you recall gives out beta parti- 
cles. It emits no gamma rays. Hence it is only important if it is 
inside the body as an ingested material. I am talking out of my field 
but if it goes to the body it goes to the bones and there it has its effect. 
Cesium is not that way. Cesium is a gamma emitter and hence it can 
be important as a part of the external dose. It is a relatively promi- 
nent fragment. Cesium is formed in something like 5, 6, or 7 percent of 
fissions. 

Senator Anperson. That is what brings me to say that even though 
strontium 90 is not formed, there may be a strontium figure, which I 
assume is somewhere around 97, which will produce some cesium 137, 

Dr. Graves. That is correct. 

Senator ANperson. And that is somewhat dangerous. 

Dr. Graves. Yes. As a matter of fact, all of these fragments, as 
I will discuss in a minute, contribute to a hazard which we call the 
residual hazard, or what is left over after the detonation. In fact, 
this is the hazard, the things that are produced here are the things 
which are giving out gamma rays, beta rays and so on, and which pro- 
duce the biological changes with which we are concerned. 

Senator Anperson. So practically up and down that scale you have 
products that could be harmful. 

Dr. Graves. Products that are harmful. 

Senator Bricker. What is the half-life of cesium 139? Is it a fast 
decaying element ? 

Dr. Graves. It is relatively fast. There are only a relatively few 
that are quite long. Strontium 90 is one of them, being 28 years. 
Cesium 137 is also long. Those two are the main fragments which 
are left after times like years. Those are the ones that you have to 
worry about. The others are all decayed by then. 

Senator Bricker. They are gone ina day or two? 

Dr. Graves. Not in a day or two, but inside of a year. 

Senator Anperson. It is because of this half life of strontium 90 
that runs 28 years that we talk about it and worry about it more than 
we do 95 or 97 or any other number ? 

Dr. Graves. Exactly. 

Senator Anprrson. We are worrying about the length of time. The 
immediate bursts go quickly and then we worry about the long life of 
strontium 90? 

Dr. Graves. Yes. It happens that this is exactly the wrong half- 
life. If it were very short it would be gone so fast we would not worry 
about it. If it were 1,000 years it would dec ay slowly. 28 years being 
comparable with the human cycle is just the wrong period. It has the 
maximum activity and still present with us for a long time. 

Representative Horrrretp. Do you intend to get into the factor of 
the amount of this material that goes into the ‘stratosphere and the 
amount that is left upon the earth in the initial explosion and the rate 
of fall from the stratosphere of the amount that goes in? Had you 
intended to comment on that ? 

Dr. Graves. No. It was my understanding that would be taken 
care of by the next speaker. 
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Representative Ilonirrenp. Very well. 

Senator Pastore. How do we know it has a 28-year half-life ? 

Dr. Graves. One can measure it very accurately, Senator Pastore. 
What we do is to measure the activity today and tomorrow and the 
next day. One sees it dropping off. So if you have 100,000 disintegra- 
tions now—suppose that a year from now you had half as many 
disintegrations—you would know that half of it was gone. So by fol- 
lowing the decay one can determine just how long it takes for half of 
it to disappear. 

Representative Cote. What is the explanation of why some form of 
strontium has a longer half-life than others? 

Dr. Graves. It depends on how nearly stable it is. One form of 
potassium is almost stable. It is just barely over the edge. If it is 
just barely over the edge it takes quite a time for it to fall off. 

Representative Corr. Stability 1s a substance that has no half-life. 

Dr. Graves. Exactly. If you were to plot the normal elements, 
plot the number of neutrons against the number of protons, there is a 
great tendency for the number of neutrons to equal the number of 
protons. So among the light elements this is a straight line at 45 
degrees. ‘They all have an equal number of neutrons and protrons. 

If for some reason or another you produce an element which has a 
different number of neutrons it is very unstable. If it is closer to this 
line it is less unstable. Finally when it is nearly on the line it takes 
many, many years for it to decay. It depends how near it is to this 
line. If you get up to uranium or the heavy end, this line curves up 
and you find we have a tendency to have more neutrons. But within, 
you will have a ease like this [drawing curve on blackboard]. Any- 
thing within this band is stable. There will be a lot of individual 
points but they are all within a band like this. Outside of this region 
they are unstable. 

So it depends on how far outside this band they are as to what their 
half-life tends to be. 

Representative Corr. That is not quite it. What is there about a 
strontium 90 that gives it a comparatively long half-life but strontium 
95a negligible half-life ? 

Dr. Graves. Strontium 95 is just much less stable than strontium 90. 
It is very far off stability. 

Representative Cote. What is there about it that gives it a much less 
stability ? 

Dr. Graves. Strontium 90 has many less neutrons. 

Representative Core. The difference bet ween 95 and 90? 

Dr. Graves. Yes. 

Representative Coir. Does strontium 95 have the same effect on the 
anatomy as strontium 90 ? 

Dr. Graves. If it were present in you? No. Strontium 95 not only 
gives off beta rays but it gives off gamma rays, whereas strontium 90 
gives off only beta rays. In addition, strontium 90 stays with you 

foralong time. So it can become fixed in your bones and it ean irradi- 
ate the material of your bones. Strontium 95 has such a short life that 
it never becomes fixed in the body. You do not have time to eat it 
and then have it converted into body tissue. 

ene Core. If it did stay longer it would have the same 
effect ? 











68 RADIOACTIVE FALLOUT AND ITS EFFECTS ON MAN 


Dr. Graves. Or even worse because of the gamma s it produces, 

The fusion process is quite different from the waite process, 
Among the light elements, there is a tendency for the energy per 
nuclear r particle—that is is, per proton and neutron—to decrease with 
increasing weight as contrasted with the fission process, in heavy 
elements, “where it increases with increasing weight. Hence whereas 
in the fission process we tend to gain energy by splitting a nucleus, 

among the light elements we tend to gain energy by combining nu- 

clei—by joining them together—and hence by a process which we call 
fusion. 

Again I may be repeating to some extent what Dr. Mills said this 
morning, but I would like to list for you the reactions in deuterium 
which are important from the point of view of fusion because this 
again illustrates the important difference between the fission process 

and the fusion process as far as production of radioactivity is con- 
cerned. 

Whereas in the fission process I have said there might be as many 
as 40 different modes that can occur—40 different ways in which the 
fission process can occur—there are only two ways in which the fusion 
process of deuterium can occur. We may have deuterium joining 
with another deuterium atom to produce a different form of hydrogen. 
Deuterium which is a form of hydrogen has a proton and a neutron 
in the nucleus. The fusion reaction may form still a third form of 
hydrogen, which we call tritium, where tritium has 1 proton in the 
nucleus and 2 neutrons. 

Tritium plus a proton or helium 3 plus a neutron may be produced. 

In each of these cases energy will be produced. In the first case 
there will be 3.2 Mev. Did Dr. Mills explain this term ¢ 

Representative Hontrirer D. No. 

Dr. Graves. A million electron volts is the energy an electron would 
have if it fell through a million volts. If you take it from here and 
apply a million volts to it, when it gets down to here it will have this 
amount of energy. It is like saying it has so many foot-pounds of 
energy, or what- not, but it is a number giving us a measure of energy. 
In this case we would also produce energy and it would be 4 Mev. 

The net result of this fusion reaction, is that we have helium which 
is stable. We have protons which are simply the nucleii of hydrogen 
atoms which are stable. We have neutrons. Then we have tritium 
which is unstable. 

Tritium its lf may unite with deuterium and if it does it will pro- 
duce a form of helium—normal helium, as a matter of fact—at mass 
4, and it will produce a neutron. 

In this case, we have used up our radioactive atom tritium and 
produced stable helium. Again we have a large amount of energy 
produced. This produces 17 million volts of energy. 

Then finally, under certain circumstances we may have these 
helium 3 nuclei uniting which will produce helium 4, plus 2 neutrons. 
This time we will have 11 million volts. 

The point that I am making is that in each of these reactions we 
have energy produced. In the net of all of these reactions we have 
many neutrons produced, but we have no radioactive materials pro- 
duced, with the exception of tritium, which is also itself used up 
in subsequent reactions with deuterium, and this is a very probable 
reaction. 
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This, then, is the difference between the fusion reaction and the 
fission reaction. Although we have also large amounts of energy 
produced, we have very “small amounts of radioactivity »roduced 
directly. W e may still have radioactive materials produced by action 
of these neutrons on substances that are present. I will discuss this 
when I discuss induced activities. 

We have now discussed the production of radioactive materials 
in the fission process, the production of radioactive material, such 
as it is, in the fusion process. 

The third source of radioactive materials is in the induced activi- 
ties which are caused when these neutrons react with substances 
that are available. 

Chairman Durnam. Did you say what degree of heat you get in 
either one of those final chain reactions? 

Dr. Graves. If you take a pound of deuterium and somehow or 
another burn it all—that is, burn the whole pound of it—you will 
get the equivalent of 26,000 tons of TNT. That is the amount of 
energy that you would get from 1 pound of deuterium. The tem- 
perature will depend on how much material you apply this energy 
to. Lut this is the amount of energy you would get out of a pound 
of deuterium burning completely. 

ra geteye itive Van Zanpt. That is about 1 cubic inch. 

Dr. Graves. No. It depends on what form it is. It isa gas. It 
depends on its pressure. A pound of uranium, I said, was about a 
cubie inch. 

Is that sufficient for your purposes, sir ? 

Chairman Durnam. Yes. 

Dr. Graves. Normally, the radioactive materials induced by neu- 
tron capture in dirt or in bomb materials or in air will have a very 
short half-life, or they will have a long half-life but will have such 
small energies in their decay particles that they will not be important. 

Cons equently, we may say that the induced activities are not going 
to be a tremendously important worry or concern in this problem 
For example, nitrogen in the air can capture neutrons to become car- 
bon. It becomes a form of carbon which is radioactive, but it is radio- 
active with a half-life of 5,000 years. Consequently, although it is 
around a very long time, and although it may take its place in our 
bodies, it has very little energy in the particles which come from it. 
It has very low activity, and the amount that we can produce is ex- 
tremely small compared to the amount which occurs naturally in 
nature. 

Therefore, radioactive carbon itself is not an important activity. 

We may have others, however. Oxygen can absorb fast neutrons 
and in so doing it forms an isotope of nitrogen which has a half-life 
of only 7 seconds. Since the half-life is only 7 seconds, within a 
minute essentially all of this nitrogen will be gone. In 6 half- lives—(I 
guess that term was discussed this morning) —the amount is reduced 
to something like 1 percent. In 10 half-lives it will be produced to a 
tenth of a percent. So in 70 seconds, or a minute and 10 seconds, there 
will be only one-one thousandths of the nitrogen remaining. 

Chairman Durnam. Do you get a chain re: action, Doctor ? 

Dr. Graves. No, sir. One of the important components of any 
residual activity will be due to 14.8-hour sodium; 14.8 hours is suftis 
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ciently long so that it will be with us for a fair length of time, and yet 
it is sufficiently short that we will be able to have enough activity to 
make itself noticed. It is formed when ordinary sodium captures. a 
neutron. Ordinary sodium is present to a very considerable extent in 
the form of sodium chloride, or salt, particularly if we are in the 
neighborhood of salt water. We will have large amounts of this type 
of sodium formed. Again, however, it will dis sappear in time. Say 
the half-life is 15 hours—it is a little less than that—this means that 
in something like 90 hours there will be only 1 percent of it left; 
hours is roughly 4 days, so that inside of a week there will be very little 
of the sodium left. Whereas, the fission products will be with us for 
some time. 

Silicon 31 is another one that is formed in very appreciable amounts, 
largely because there is a considerable amount of silicon present. It 
is formed when normal silicon captures a neutron. It, however, again 
has a half-life of only 2.6 hours and hence it decays very rapidly. 

Aluminum 28, which again is quite abundant (aluminum is quite 
abundant—when it captures a neutron it forms aluminum 28) has only 
a half-life of a few minutes and hence will completely disappear 
within the first hour. 

Chlorine produces a 37-minute activity. This emits betas and high 
energy gammas but again 87 minutes is so short that it will not be 
with us for very long. 

The only other things that one should mention is that materials of 
construction, mate terials which are commonly used, such as zine, copper, 
iron, glass, or the salt in foodstuffs, might under some conditions be- 
come active enough to become significant. 

The net effect of what I have said, I think, is that although induced 
activities are present, although one can measure them, one can antici- 
pate them, their effect will never be more than a few percent of that of 
the fission products themselves. 

So that in our worries, or in our concern over the activities accom- 
panying atomic detonations, I think it is fair to say that the induced 
activities are not the important source of radioactive materials or 
radiation. 

Now, if I may leave the subject of radioactive materials and their 
production 

Representative Hoxtriexp. Before you leave that, Doctor, how do 
you explain the persistent radioactivity of the coral in the lagoons 
where these detonations have taken place? 

Dr. Graves. Largely because there is deposited on this coral fission 
fragments themselves. When you detonate an atomic weapon on the 
surf: ace—any surface—you bring up into the cloud large amounts of 
dust particles. These dust particles are in the cloud along with all 
of the fission fragments and all the fissioning nuclei, and they are 
stirred up together and all of the fission fragments must condense 
from the gaseous form onto something and they condense on whatever 
particles are there. If we have particles of coral they will condense on 
coral. In Nevada they will condense on dust particles. So what we 
have is a coral on which has pees deposited fission activity. 

Representative Hoririztp. So the long-lived activity of materials 
other than fission materials is ‘caused by ‘the adherence of the fission- 


able materials to the spectrums of matter, whatever they may be, 
whether it is dust or coral; is that right? 
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Dr. Graves. Yes. 

tepresentative Honirievp. ‘The matter becomes a carrying element 
for the fissionable element. 

Dr. Graves. It is important because it may bring the material down 
to the ground sooner because it is heavy. In that way it can have an 
important effect on fallout, as Mr. Kellogg will discuss next. It may 
also have some activity, like calcium in coral. The calcium of calcium 
carbonate may become active. Such activities almost invariably decay 
in such a shert time that they may be ignored insofar as the fission- 
fragment activity is concerned, 

Representative Van Zanpr. Is there any uniformity as to the 
amount of particles lifted into the atmosphere from a megaton or 
kiloton of yield of the weapon ? 

Dr. Graves. Yes. You will get an argument from lots of people on 
this, but my number is that something like a megaton of energy will 
lift up a tenth of a megaton of dirt. This is rough. It depends a lot 
on what the dirt looks like and so on, but it is something of that order. 

Representative Van Zanpvt. The greater the yield then the higher 
the particles «re lifted. 

Dr. Graves. That is roughly correct; yes. It depends not only on 
the yield but the atmospheric condition, as I mentioned before. 

tepresentative Hortrieip. In evaluating the radioactivity in a 
bomb, we must take into consideration the amounts of matter which 
are contacted by the fireball of the bomb ? 

Dr. Graves. Yes. 

Representative Hoririep. It is obvious that, if a fireball is touching 
the ground or coral reefs or anything like that, it would produce a 
great deal more radioactive material than if exploded a mile high 
in the sky. 

Dr. Graves. No, the difference is not so great. The amount of 
radioactive material produced will be very little different. It will 
be some because of the induced activity. 

Representative Hottrreip. But the dispersion of it, because of its 
lack of attachment to matter which gravity would have an effect upon, 
would be completely different. 

Dr. Graves. That will be completely different; yes, sir, and that 
is the importance. If you detonate it on the surface of the ground or 
below ground, then you will have a very strong tendency to have the 

radioae tivity deposited locally. If you put it high up in the air you 
will have about the same amount of activity. Less will be deposited 
locally but more will be deposited worldw ide. 

Representative Honimimrp. Is it not true also that the higher you go 
with the bomb the less you take advantage of its energy release as far 
as destruction is concerned ? 

Dr. Graves. No, sir. As far as blast effects are concerned, there 
is a height which seems to be optimum for a given yield. This is not 
way high up in the air nor on the surface; ‘if you are interested in 
maximizing blast damage you will pick a certain height. Similarly 
if you are interested in maximizing thermal damage you will not have 
it, on the surface because on the surface one building will be shielded 
by another and hence thermal radiation will hit one and burn it com- 
pletely but will not touch the other. Whereas, if you have it up high 
you will be able to get both buildings. 
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Representative Hortrretp. But in each case when you go above that 


set point, you lose efficiency. 
Dr. Graves. Exactly. 


Senator Bricker. Doctor, you mentioned a moment ago that nitro- 
gen would pick up one neutron and become carbon. 


14 with the long half-life? 
Dr. Graves. That is right. 


tion ? 
Dr. Graves. Yes, sir. 


T ‘hat i is carbon 


Senator Bricker. That is the one of Doctor Libby’s age determina- 


As I mentioned earlier, initial nuclear radiation is defined as that 
radiation which is delivered during the first minute. 
spend a minute discussing initial radiation for you. 
neutrons and gamma rays constitute only about 3 percent of the energy 
of the detonation—that is, 3 percent of the bomb energy comes out as 
initial neutrons and gamma rays—a very considerable portion of the 
bomb casualties are caused by these neutrons and gamma rays. 

You might compare this with thermal radiation, in which some- 
thing like a third of the bomb’s radiation will come out as thermal 


9° 


I would like to 
Although initial 


radiation. Let me say 33 percent. So here we have 5 percent coming 
out as neutrons and gamma rays and yet this 3 percent 1: an extremely 
important part of the effects that you observe in the detonation. 

In order to indicate the magnitude of this effect, I might give as 
an illustration the following: 50 percent of the people shielded by 
as much as about 2 feet of concrete would be killed by the initial 
gamma rays and neutrons 1 mile from a 1-megaton bomb. 

Let me put that on the blackboard for you. If 
tion of a 1-megaton bomb, and a mile away from that had a shelter 
whose walls were 2 feet thick, 50 percent of the people in that shelter 
would die. Whereas, with thermal radiation we could have a very 
much lighter shield at this same point and provide complete protec- 
tion. That is why initial radiation is an important part of bomb 


detonations. 


I had a detona- 


Representative Van Zanpt. Doctor, how much concrete would be 
necessary to shield a person from a 1-megaton blast ? 


Dr. Graves. That is just on the edge. 


If it is 2 


feet thick I say 


about 50 percent of the people would die. If we increase it to 3 feet 
thick, the chances are that practically everybody would live. This 


is just on the edge of being sufficiently safe. 


Senator Pasrorr. That is the question I was going to ask. Why 


would 50 percent die and not all of them die? 


Why would 50 per- 


cent be vulnerable and why 50 percent not? If you are hit, you are hit. 
Dr. Graves. It is like when we have pneumonia. 
and some don’t. It is partly chance. It is partly how healthy we 


are. It is partly the condition we are in. 


This is just 


Some of us die 


t the mean lethal 


dose. This is right on the edge. If it gets much bigger, everybody 


will die; if it is much less nobody will die. 


Senator Pastors. How do you scientifically assert that? How do 


v prove that ? 


Dr. Graves. That is hard. The basis for it, however, is experiments 
with mice or rats, finding out what the mean lethal dose is for a long 
chain of animals. I would much prefer that you ask that sort of ques- 


tion of a biologist who knows it better. 


This is the 


basis for such 


fil 


al 
al 
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a statement. You go on the basis of experiments with animals to 
find it out. 

Senator Pasrorr. In other words, we have determined that with 
animals in blast situations, just as you have outlined, some have died 
and some have not ? 

Dr. Graves. That is right. 

Chairman Durnam. It is a proven and known fact, Doctor, is it 
not, that radiation dies in some individuals quicker than in others? 

Dr. Graves. Some people are more susceptible to damage from 

adiation, just as in the case of pneumonia. I imagine that is your 
question. 

Chairman Durnam. The radiation itself dies more quickly in an 
individual. 

Dr. Graves. The radiation will depend on the substance. Carbon 
14 has a half lifetime of 5,000 years. It does not make any difference 
whether it is my tissue or yours. Sodium has a half-life of 14.8 hours. 
There is nothing we can do physically to ch: ange that half life. We 
can heat it up, cool it down, physically distort it in any way we want, 
but we cannot change the fact that in 14.8 hours half the sodium we 
have now will be gone. That is just the way radioactivity is. 

But the effect of radiation on you may be slightly different from 
its effect on me. 

Representative Hontrietp. The effect on a child, for instance, might 
be much greater than on an adult. 

Dr. Graves. That is possible; yes. 

Senator Anperson. Before you get away from the diagram you 
have there, you show deuterium, plus deuterium, and then doing some 
other things, and tritium coming in, and you said something about 
less fission 1n that sort of oper ation. 

Dr. Graves. I said less radioactivity. There are no radioactive 
materials here except tritium. The tritium itself may be absorbed 
by deuterium to form normal helium. 

Senator Anperson. Is there not radioactivity in all fission? In 
every fission process there is some radioactivity ? 

Dr. Graves. Yes. This fusion and this other is fission. 

Senator Anperson. In order to have the fusion you are talking about 
there has to be some fission. I won’t say how much. 

Dr, Graves. This is a fusion reaction but it also can be maintained 
by heat. If we can somehow or another get this deuterium hot enough 
it can also be made to react. Hence it is carred a thermonuclear re- 
action as well as a fusion reaction. One of the ways of getting it hot 
enough might be to use fission. 

Senator Anprerson. You have not done it any other way, probably, 
so if you do use fission then any bomb that involves fission will have 
radioactivity in it. 

Dr. Graves. I would prefer not to discuss that in an open meeting, 
Senator. 

Senator Anperson. That is the trouble. I don’t blame you. 

Dr. Graves. I do not want to discuss how a bomb works. 

Senator ANperson. I was trying to get around to the claim we have 
aclean bomb, which I do not believe we have. I did not know whether 
this was a good place to get it or not. 


Dr. Graves. I will be happy to discuss that with you personally at 
any time. 


93299°—57—pt. 1——-6 
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Representative Horrrietp. These statements have been made pub- 
licly about these clean bombs. I would say this much, without going 
further into it at this time, that as long as statements have been made 
that there is a clean bomb some clarifyi ing statement should be made 
in these hearings. 

Dr. Graves. I have here a set of processes which involve production 
of no radioactive materials. I have here a process which involves the 
production of very large amounts of radioactive materials. As Senator 
Anderson has say: out, there is a possibility of a combination of 
these two processes. If you have a large amount of energy coming 
from this fission process, there is nothing 5 you can do but produce radio- 
active materials. If somehow or another you can arrange your geom- 
etry or your procedure such that you produce more of your energy 
from these processes (fusion) then you have less radioactive material 
for the energy you produce. 

Senator ANperson. You have a cleaner bomb but you do not havea 
clean bomb. 

Dr. Graves. Exactly. 

Senator Anperson. That is exactly the point. Every time you try 
to get into a discussion of it—I am not complaining about your attitude 
on it—we find it is not the best thing to discuss in public, and you arg 
glad to discuss it with me privately and I find it very profitable to 
discuss it with you privately. 

But that does not help the people who read a news story that we 
have a clean bomb which some of us believe is a true statement. 

Dr. Graves. I agree with you thoroughly. The statement should 
be a “cleaner” bomb. 

Representative Hortirtp. People are being blamed about being 
confused. Some of the statements that have been made by AEC 
members and distinguished scientists along this field are directly attri- 
butable to part of this confusion that exists. It is the intent of these 
hearings to clear up some of this confusion, within the limits of de- 
classification. I do not believe that the committee will want to accept 
everything that we try to do to clear up the confusion, as being 
classified. 

Dr. Graves. I do not think one would ask you to do that either. 
What I would prefer would be to have a chance to discuss this with you 
privately and let you decide whether it is what you want to accept 
as classified or whether it is important for your discussions publicly. 

Senator Anprerson. May I say, Doctor, my sole purpose is to try to 
find out oceasionally if there is a chance to clean this up. The only 
way is to ask witness by witness until we finally come down to a spot 
where it may be convenient to clear it up. It is not meant to be 
critical of you in the slightest. 

Representative Honirtetp. No. This committee is not responsible 
for the phrase “clean bomb.” We are not responsible for it. But 
there are millions of people throughout the world that may be hanging 
their — upon the fact that we have a humanitarian hydrogen bomb. 

Dr. Graves. I am afraid the only comment one can make on it is 
that “cleanliness” is a little bit rel: ative anyway. What you mean by 

“cleanliness” in this case is a question of degree. 

Representative Horrererp. You would not say in this case that clean- 

liness is next to godliness. 
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Dr. Graves. No. As Senator Anderson says, complete cleanliness 
is next to impossible to achieve. 

Senator Bricker. May I ask how much earth it would take of ordi- 
nary character or texture to give the same radiation shielding that 
8 feet of cement would give ? 

Dr. Graves. Yes. It is almost directly proportional to the density. 
If you have well-tamped earth, something like twice as much earth 
would be about equally effective. 

The initial radiation from all of these radioactive materials or from 
all of these detonations will consist of alpha particles, beta particles, 
neutrons, and gamma radiation. 

The alpha particles can come from two sources. In the first place, 
the fissionable materials are radioactive in such a way as to produce 
alpha particles. So that uranium, plutonium, whatever materials of 
this sort are present, will produce alpha particles. 

In addition, in the fusion reaction we have the production of alpha 
particles. Here is an alpha particle, here is one, and this would actu- 
ally be similar to an alpha particle [indicating on blackboard] and 
there are other alpha particle reactions which are possible. 

Neutrons can be absorbed in materials to produce alpha particles. 
So the two sources are in the heavy materials which are present and 
in the various alpha-particle-producing neutron reactions which can 
take place. 

As Dr. Mills mentioned to you this morning, alpha particles have 
an extremely short range. They will scarcely get through the dead 
skin on the surface of your body, and hence as far as the initial radia- 
tion is concerned, are of almost no importance. 

Beta particles have a somewhat greater range than alpha particles. 
They are also produced in large numbers in the various processes that 
occur. But again they havea short range, such that they cannot reach 
the ground from an air burst, and within a very short time, when the 
cloud rises, they will not be able to reach the ground from any sort of 
a burst, and hence they also are not of great importance as far as the 
initial radiation is concerned. 

Other speakers later will talk about the importance of alpha radi- 
ation and beta radiation as far as the internal hazard is concerned and 
as far as contamination on the skin is concerned. I do not propose to 
go into that. I would rather limit my remarks to the discussion of 
gamma radiation and neutron radiation as they effect the initial radia- 
tion hazards. 

Both neutrons and gamma rays can penetrate air to very consider- 
able distances. They are both highly injurious to living organisms. 
Hence they constitute by far the most important part of initial radia- 
tion. 

To a great extent neutrons come out in a very few milliseconds—the 
first few milliseconds of the detonation—when the bomb will be a very 
compact, dense material still, and hence these neutrons are very largely 
absorbed in bomb materials. Enough fast neutrons, however, are 
present to constitute an appreciable direct hazard at consideraable 
distances. 

Similarly, the gamma rays which are associated with the fission 
_— itself—gamma rays that come out in the initial stages of the 

lon process—are also present in the stage when the bomb is con- , 
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densed, heavy material, and hence these gamma rays are highly 
absorbed. 

Only about 1 percent of the gamma rays produced directly in fis- 
sion escape the immediate region of the detonation. However, again 
this contribution and that of the g gamma rays produced in other proc- 
esses which I will discuss in a minute will produce sufficient intensity 
at considerable distances to constitute a very real hazard. 

Let me mention some of the sources of the gamma radiation which is 
present in initial radiation. 

In the first place it originates in the fission reaction—the one that 
we picture here. 

Second, gamma rays can appear in various neutron reactions. 

First, neutrons may be captured with the formation of a highly 
excited compound nucleus, This compound nucleus loses its excita- 
tion—that is, returns to its normal state—by emitting a gamma ray. 
For example, when neutrons are captured to form carbon 14, in the 
process of being captured, nitrogen 14 is formed in a highly excited 
state. This produced two gamma rays which are high-energy gamma 
rays and emits them. Nitrogen 14 captures a neutron to become nitro- 
gen 15. The nitrogen 15 emits a proton to become carbon 14. But in 
this process the compound nucleus releases these two high-energy 
gamma rays. 

In the second place, neutrons may react with nuclei, emitting protons 

r alpha particles, and gamma rays are frequently emitted in this 
aati 

Finally, neutrons may bounce off other nuclei, and they may bounce 
inelastically such that the bombarded nucleus becomes excited and 
emits gamma rays. 

The third important component or part of the gamma rays in initial 

radiation is from fission fr: agments. Fission fr aements can be widely 
spread, and as they decay can give off gamma rays. Many of these 
gamma rays are given up in the first minute and hence are properly 
included in the initial radiation. 

Although instantaneous and delayed gammas are produced in about 
equal amounts, the instantaneous gammas are absorbed so strongly that 
they constitute only about 1 percent of the external dose received. 
Hence 99 percent of the external dose is due to the so-called delayed 
gamma radiation. It will probably be of interest to discuss at least 
briefly the dose distance relationship for both gamma rays and neu- 
trons, that is, how far from a given detonation would someone receive 
what dose. 

Gamma rays lose energy in going through matter by both excitation 
of atoms and ionization of those atoms. In fact, it is believed that 
the chemical decomposition of molecules caused by this effect is the 
major cause of injury to animals and plants. Consequently, the dose 
of gamma rays is defined and is measured in terms of the ionization 
produced. 

The dose distance relationships for gamma rays and neutrons are 
very complicated because of the large number of effects involved. 
Consequently, I would like to ask you to consider what I say from 
now on in this respect to be quite approximate. It is not possible to 
write down an exact analytical expression for the dose-distance rela- 
tionship. 
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Representative Hoxirtep. Dr. Graves, are you going to use chart 
6 and chart 7 in your presentation ? 

Dr. Graves. I would like to discuss, if I may, the surface burst and 
the characteristics of an air burst as they relate to fallout. I will use 
those. Would you like to have me show them? 

Representative Hotirietp. These are the charts which you furnished 
us with your statement. 

Dr. Graves. I will use those; yes. 

Representative Horreretp. I think it would be illustrative if you do. 

Dr. Graves. I will use those; yes. 

It turns out that gamma rays going through air will decrease because 
of distance, and this decrease is a decrease as the square of the distance. 

Gamma rays as they go through air will decrease because of many 
effects. They will be scattered. They will be absorbed. They will 
lose their energy. But it turns out that the gamma ray dose decreases 
by a factor of 10 every 780 yards. Consequently, we have a relation- 
ship for gamma ray dose which depends on the yield, depends on the 
distance squared, and then it drops as an exponential which is given 
by E to the minus D over 338, 

Ww — D/338 
Formula: Dose=Const. De 

This says that dose drops by a factor of E every 338 yeards or by a 
factor of 10 every 780 yard. 

Then there is a constant multiplier. This is an extremely rough 
formula. For yields from a kiloton up to something like 80 kilotons, 
it is about correct. If we get much above 80 kilotons, say 100 kilotons, 
one should multiply the yield by 114, so it is about 50 percent off there. 
If one is talking about a megaton, then one should multiply this by a 
factor of five or something like that. Roughly as far as distance de- 
pendency is concerned, the formula can give at least approximate 
results. 

One may do a similar thing for the neutrons. The neutrons again 
are a constant times the yield divided by the distance squared, and 
then an exponential term. The neutrons are absorbed more quickly 
than the gamma rays. The exponential will contain D over 242. 
If I put it in the same terms that I did for gamma rays, I would say 
that neutrons decrease by a factor of 10 every 560 yards. So that 
neutrons will not go as far as gamma rays. 

7 =—D/242 
Formula: Dose=Const. p.? 

The residual radiation—what is left after the bomb has gone off, 
after the cloud has gone up in the air and after the fallout has 
occurred—can also be discussed briefly. In the first place, about a 
tenth of a pound of fission products are produced for each kiloton of 
fission energy. The radioactivity at 1 minute would be comparable 
with that of many pounds of radium. Consequently, a megaton of fis- 
sion energy would result in activity at 1 minute comparable to that of 
many tons of radium. 

I heard somewhere recently that the total world’s production of 
radium since the beginning of time was something like 50 pounds, 
80 that when we talk about the detonation of a megaton, we are talking 
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about the production of many times the activity of all the radium 
which has ever been produced. During the first 24 hours, there would 
be a decrease by a factor of more than 6, 000 in the total act ivity present 
and then it will decay continuously. But it has been estimated that 
if all of these fission fragments from a megaton of energy were spre: id 
uniformly over 10,000 square miles, it would cause a radiation intensity 
after 24 hours of 2.7 roentgens per hour, Consequently, unprotected 
personnel in that 10,000 square miles would receive more than 300 
roentgens of radiation after the first day, 300 roentgens is a lot of 
radiation. It is estimated that something like 450 is the mean lethal 
does. So 500 is approaching a lethal does. 

Representative Van Zanpr. Then it would be a uniform distribu- 
tion over the area. 

Dr. Graves. That is a uniform distribution over 10,000 square miles 
which would not happen. 

Representative Hortrrerp. But is it not true that there is no such 
thing as a uniform distribution ? 

Dr. Graves. Exactly. 

Representative Houtrrerp. This starts at many thousands of roent- 
gens near the bomb and it gradually decreases. 

Dr. Graves. Yes, sir. Again this will be discussed in the next 
section of the hearings, I don’t want to discuss actual patterns on 
the ground, but I did want to give an idea of what we are talking 
about ina rough order of magnitude sort of way. 

I would like also to give an idea of the rapidity with which the 
material will decay. So I will give a table of activity as a function 
of time. Again let me confine this to a 20 kiloton—a so-called nominal 
bomb. 

At the end of 1 minute, the total activity will be equal to 820,000 
magarcuries. <A curie is the activity of 1 gram of radium. A maga- 
curie would be the activity of a million grams of radium. So we are 
saying that at 1 minute the activity would be the equivalent of that 
of 820,000 million grams of radium. 

At the end of 1 hour, this will be down to 6,000 megacuries. At the 
end of 1 day this will be down to 135 megacuries. At the end of a week 
it will be down to 13, At the end of a month it will be down to about 
2. At the end of a year it will be down to 0.11. Then may I finish this 
off by saying that at 100 years it will be 0.0006. 

This morning you asked Dr. Mills the question, how long would 
it take this to disappear completely. I could go on for a thousand 
years and a million years, and I would still get something here, 
but it gets pretty small. Roughly one can say that for a period of 
time equal to 7—like 7 days or hours—the activity decreases by a 
factor of 10. So if we say that the activity at the end of 1 hour is 
something, then at the end of 49 hours—that is 2 days—it will be 
down by a factor of 100. In 2 days we have on a factor of 100. 
In 2 weeks we will have lost a factor of a thousand. This gives you 
some idea, I think, of the speed with which this residual radiation 
will disappear. 

Representative Horirrevp. In order to be clear on this, Dr. Graves, 
we are talking about a 20,000-ton bomb. 

Dr. Graves. Yes, sir. 





im 
Id 
nt 
at 
ad 


ed 
00 
of 


al 
ne 
les 


ch 


if- 


xt 
on 
io 

» 


lie 
on 
al 


0) 


re 
at 


he 
ok 
ut 


is 


RADIOACTIVE FALLOUT AND ITS EFFECTS ON MAN 79 


Representative Horirtenp. In the case of a megaton bomb, what 
is your residual radioactivity danger, and let us go from that and 
extrapolate it to a 10-megaton bomb. I do not ask for the exact 
a oe 

Dr. Graves. We can give them. Let me restrict my answer to 
those in ‘Wied the energy comes from the fission process. I don’t 
want to get mixed up in the fusion-fission business again. It will 
depend exactly on the ratio of yields, A megaton is 50 times as much 
as a nominal bomb yield. If I multiply “by 50, I would get the 
corresponding numbers for a megaton. 

Senator Bricker. But the time would be the same. 

Dr. Graves. Yes, sir. I would multiply each one of these numbers 
by the same factor. 

Senator Bricker. The same ratio of decrease? 

Dr. Graves. That is right. 

Senator Anperson. In order to help the record out without mak- 
ing it too damaging, would it not be fair to say, Dr. Graves, that 
an average megaton bomb at the present time at least would prob- 
ably not be all fission ? 

Dr. Graves. That is correct. 

You have asked that I discuss with you to some extent the parti- 
tion of energy from a nuclear detonation. I would like to preface 
my rem: irks by saying that there really is no correct partition of 
energy. In the initial stages, we have heat—thermal energy—and 
in the final stages we have thermal energy. Everything else is 
thermal initially and ends up as thermal. In between it can be 
converted into nuclear radiations, shock energy, or thermal radiation. 
So we are talking about something which is changing and the per- 
centages that I gave are not something which you can say will happen 
after 2 weeks or at any specific time. 

This is a rough estimate [pointing to chart] of the way the energy 
from a typical air burst will be partitioned. Roughly half of the 
energy will come out as blast or shock wave. Roughly a third or 35 
percent of it will come out as thermal radiation. The initial nuclear 

radiation—that is, that which comes out in the first minute—is onl 
about 5 percent. Whereas, the residual nuclear radiation, that whic 
comes from deposited fission fragments and from induced activities 
is about 10 percent. As TI say, these numbers sort of interchange back 
and forth. Blast and shock eventually go into heating up the air and 
become thermal radiation again. Similarly the residual nuclear radia- 
tion, the neutrons and gamma and beta rays come out and heat up the 
air a little bit, and hence become thermal radiation. So this chart 
is correct at some time, but the partition of energy changes from the 
first instance to longer times. Moreover, it depends to some extent 
on the yield of the weapon, the amount that comes out as thermal 
radiation might vary depending on what the conditions of the weapon 
itself are. (See p. 97.) 

Representative Horirterp. Dr. Graves, will you explain to me what 
you me in by “thermal radiation”? Do you mean the heat that goes 
with the explosion ? 

Dr. Graves. Yes. It is the same sort of energy that you detect 
when you stand in front of a radiant heater or if you open the door of 
a furnace. You feel something hot on your face. ‘Those who have 
been out to Nevada have felt this. 
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Representative Horirieip. If we talk about the total radiation of 
the bomb, we are talking about this 15 percent that you speak of here, 
That becomes 100 percent when you talk about total radiation. 

Dr. Graves. This 15 percent is the total nuclear radiation. This 
thermal radiation is something quite different. It is just something 
because the materials are hot. 

Representative Horirterp. In testimony before another congres- 
sional committee, Dr. Libby said that in the case of one of these meg- 
aton bombs, and I believe it was a 10-megaton bomb he was testifying 
about, that 26 percent of the radioactivity was the part that caused 
the phaser pattern of 7,000 miles in the testing grounds of radio- 

active fallout; 75 percent of it went up into the troposphere and strat- 
osphere. Is that according to your understanding ¢ 

Dr. Graves. What he was talking about in that case would be the 
nuclear radiation itself, 

Representative Hotirienp. Yes. 

Dr. Graves. Let me say the residual radiation. 

Representative Hotirierp. Yes. 

Dr. Graves. We have a large amount of fission activity and induced 
activity. He was restricting his comment to that. He said that of 
that, 25 percent in his example was deposited locally, and 75 percent 
went to the stratosphere. This will change depending quite a bit on 
how you detonate the device itself. It will change. In his particular 
example that is how he estimated. 

Representative Horrrrecp. The fact that 75 percent went into the 
stratosphere did not necessarily mean we were rid of that, because 
there is a factor of return to the earth, is there not, over a period of 
years? 

Dr. Graves. Yes. 

Representative Horirtetp. Eventually you would get 100 percent of 
the radioactivity, although your first part would decay. 

Dr. Graves. You gain a lot if you can put it up into the stratosphere 
and let it stay up say 100 years. Instead of talking about 820,000 mega- 
curies, you are talking about 0.00006 megacuries. That is a difference. 
If it is going to decay, let us let it decay 100 miles up. 

Representative Hotirrevp. Has it not been said that it will return in 
a period of 10 years? 

Dr. Graves. That is right. 

Representative Horrrrmeip. So we cannot talk about 100 years or 
1,000 years; we must talk about 10 years. 

Dr. Graves. Exactly. That is the reason strontium’s 28-year half- 
life is import: int. If it were a half-life of 1 year, we would not worry 
about it. It has a half-life long compared to the time it stays in the 
stratosphere. Hence, still a lot of it is left when it comes down. 

Representative Hortrrecp. So you can say that most of the stron- 
tium 90 that goes into the stratosphere would eventually return to the 
earth, although it would be diffused much greater than that in the local 
fallout, as you term it. 

Dr. Graves. Yes. 

Representative Corr. Mr. Chairman, I would like to inquire of Dr. 
Graves, if you are permitted to answ er, whether nuclear radiation is a 
— element of a military w oe 


Dr. Graves. No one has told me I can’t answer that, except I don’t 
know the answer, 
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Representative Corr. A weapon is for the purpose of destruction. 
With a nuclear weapon, that is the dazzling light, the heat, the blast 
and radiation. Those are the four destructive parts of the weapon. 

Dr. Graves. That is right. 

Representative Corr. What I would like to know is whether you 
feel you can tell us that the radiation phase of a weapon is a desirable 
factor from a military standpoint ? 

Dr. Graves. I am not told I cannot answer that, but I just don’t 
know the answer. It would seem to me this might also depend on the 
particular tactics or strategy that are under consideration. 

I am not expert on military matters, but if you are interested in 
establishing a beachhead, you want to be sure you can use that beach- 
head, so you would not want to put so much activity on the beachhead 
that you cannot land and utilize it. It would depend on the circum- 
stances of the use of the weapon. 

Representative Corz. And whether the nuclear radiation phase is 8 
desirable element would determine the nature of the radiation you 
seek to create. 

Dr. Graves. The military situation would certainly be an important 
consideration. 

Representative Corr. What I am thinking is that if nuclear radi- 
ation does not have an important military significance in weapons use, 
I should think that the tendency and your tests and weapons improve- 
ment would be to make these weapons as free of nuclear radiation as 
possible, or in other words, to make them as clean as possible. 

Dr. Graves. The purpose of our weapons test is to try to find out 
what we can do with these weapons, such that if someone asks for a 
weapon which is clean, we will be able to say we know what we can do 
to satisfy that particular requirement, or if they ask for a weapon 
with this characteristic or that characteristic. Hence, the weapons 
test is to give us the knowledge on which we can make an appropriate 
design to satisfy that requirement. 

Representative Corr. Make them either clean or dirty as the mili- 
tary requirements indicate. 

Dr. Graves. Yes, sir. 

Representative Coir. I would hope that some of the other witnesses 
from the military might discuss that later. 

Representative VAN Zanpr. Is it not true that nuclear radiation is 
contaminating ? 

Dr. Graves. Yes. 

Representative Van Zanpr. Do we not have contaminating weapons 
in our stockpile at the present time ? 

Dr. Graves. Yes. You mean weapons that are fission. Sure. 

Representative VAN ZANpr. Contaminating. 

Dr. Graves. Yes. 

Representative VAN ZANpt. It is common knowledge that military 
strategists will employ contamination, in the prosecution of a war. 
They seek to isolate an area through contamination. In addition they 
might contaminate water for the purpose of producing moisture that 
would be radioactive. 

Dr. Graves. I am not an expert on military strategy or tactics so I 
aim afraid I cannot help you. 
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Represent: itive Coir. It may be true that all of our we apons cont: ain 
contamination. The question is whether that contamination is in 
there deliberately or inevitably. 

Dr. Graves. As I say, if the w eapon is designed to make use of the 
fission process, then that contamination is there inevitably whether the 
military wants it or not. As I answered you, the object of our tests is 
to find out whether it must be in there inevitably so that if it should not 
be wanted, then we would know what to do about it. 

Senator Anprrson. Doc tor, in order to clear up any question when 
you got mixed up with fission or fusion, and my question whether it 
would be fission along with fusion, the page proof of the booklet, 
The Effects of Nuclear Weapons, issued by the Atomic Energy C om- 
mission, at page 17 has this paragraph. It has been deci: assified. We 
have just determined that: 

In order to make the nuclear fusion reactions take place, temperatures s of the 
order of a million degrees are necessary. The only known way in which such 
temperatures can be obtained on earth is by means of a fission explosion. Con- 
sequently, by combining a quantity of deuterium or a mixture with a fission 
bomb, it should be possible to initiate one or more of the thermonuclear fusion 
reactions given above. If these reactions accompanied by energy evolution can 
be propagated rapidly through the volume you have the hydrogen isotope or 
isotopes, a thermonuclear explosion may be realized, 

Therefore, I hope I was not getting outside the properly declassified 
section when I asked you if, so far at least, we did not have to have a 
fission explosion in order to have the following fusion explosion. 

Dr. Graves. I am sure that what we have said earlier was perfectly 
all right. 

Senator Anperson,. I think it was all right. 

Representative Hortrizeip. Therefore, the conclusion we can reach 
is that there is a dirty bomb and there is no such thing as a clean bomb, 
and 1 am using the word “clean” in the absolute sense and “dirty” 1 
the absolute sense. 

Dr. Graves. There are dirtier bombs, and some that are less dirty. 

Representative Corr. That is correct. It is not a question of a clean 
bomb versus a dirty bomb. There are varying shades of gray and 
white in between. It isnot one or the other, is it ? 

Dr. Graves. No, sir. 

Representative Van Zanpt. Doctor, can this clean or dirty state be 
produced i in the way you use the weapon ? 

Dr. Graves. W hy ‘don't I get into that discussion now? (See p. 99.) 

This is the picture of the type of situation which results from a 
surface burst. In a surface burst of an atomic weapon or a nuclear 
detonation of any sort, there are two effects that should be mentioned. 
In the first place, the neutrons that escape from the detonation can 
strike the ground and hence produce induced activities. In the second 
place, large amounts of dirt will be mixed up with the cloud, radio- 
active particles will be plated out on these particles, and hence will 
tend to fall out more rapidly since these dirt particles will be heavy. 
So we have, then, here a typical mushroom. It will be very dirty. It 
will look dirty. You will have nearby fallout of the very heavy par- 
ticles. At somewhat greater distances we will have fallout of the 
somewhat lighter particles. Then at very great distances, we will 
have fallout of the very fine particles. 
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If this is a relatively small device, very little of the activity will 

0 up into the stratosphere. There is a stable layer in the atmosphere. 
Daas this can be talked about more authoritatively by some of the 
other people who are present who will be speaking to you later, but 
there is a very stable layer in the atmosphere which tends to contain 
such explosions. For the normal small type of device the active ma- 
terial does not get above that, and hence it will all fall out close by, 
or at least on, say the first pass of the material around the world. 

Whereas, from large bursts where the clouds go to very great alti- 
tudes, the activity can get up into the stratosphere and this may fall 
out as much as 10 years later, as Senator Anderson has pointed out. 

The difference is that in this particular case we will have very much 
dirt mixed up with the mushroom. We will have very much close-in 
and near-out fallout and probably relatively less of the worldwide 
fallout. 

Representative Horirretp. Dr. Graves, before you leave that, you 
are assuming, of course, perfect test conditions when you make that 
statement. 

Dr. Graves. No, sir, I am talking only about the case of a detona- 
tion which has occurred on ground. Whether it is a test condition 
or not. 

Representative Hortrretp. But as far as the deposit of radioactivity 
is concerned, you are talking about what you would call safe weather 
conditions after this explosion, you would have a different situation, 
would you not ? 

Dr. Graves. I have not been discussing what would happen if you 
had rainfall or snowfall or that sort of thing, that is right. 

Representative Horirietp. That is why you are so careful in post- 
poning your tests, in order to be sure that you have an element of as 
much certainty as possible with regard to weather conditions. 

Dr. Graves. Yes. 

Representative Hortrietp. So that you can get the maximum of 
protection. 

Dr. Graves. In the case of testing weapons we try to avoid a situa- 
tion where the device is detonated on the ground because we don’t 
want to have this very heavy local fallout. We would like to avoid 
this situation if we can. We try therefore to use towers and make 
them as high as we can, or we use air bursts as in this chart, or we 
use balloons for holding the device up. All of this is to avoid getting 
this mixture of dirt into the cloud itself. (See p. 99.) 

Representative Hoxrrretp. It was the purpose of my question to al- 
low you to explain that point. 

Representative Van Zanpt. To take it one step further, suppose 
that the bomb was detonated under adverse conditions that included a 
lot of precipitation, what effect would it then have on the fallout? 

Dr. Graves. Depending on where the precipitation was. Suppose 
there were a lot of precipitation right at the mushroom, instead of 
dirt, you would have globules of water which would fall fast. Hence 
you bring the fallout down faster. 

Representative Van Zanpr. In other words, you add moisture to the 
particle and make it heavier, and it falls to earth much quicker. 

Dr. Graves. Exactly. In the case of an air burst, we detonate it 
high up in the air, and we have two effects. In the first place, there 
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is relatively little dirt mixed into the cloud and hence there is very 
little local fallout, very little at the intermediate distances. Practically 
all of it is spread around over great distances. 

In the second pace, since the detonation occurs high up in the air, 
very few of the neutrons will be subject to capture “by chlorine and 
sodium, calcium or silicon, so that there will ite very little induced 
activity. Most of the activity will be in the form of fission particles 
and carbon-14 produced by capture of the neutrons in the air. 

Then one should realize that there is a possibility of difference here. 
If you want somehow or another to avoid worldwide fallout the best 
way to do it isto do it as a surface or subsurface burst. For example, if 
for some reason we wanted to do our best to avoid fallout over the 
whole earth, this does it, because this puts most of it down locally. 
If we want to avoid local fallout, we do it high in the air. 

Representative Core. Dr. Graves, the record does not show which 
is this and which is that. 

Dr. Graves. Iam sorry. If we want to avoid local fallout and em- 
phasize worldwide fallout, we do it by means of an air burst, the higher 
burst. If we want somehow to minimize worldwide fallout and 
maximize local fallout, then we do it by means of a surface burst or a 
subsurface burst. 

Representative Houirieitp. That would be in the small kiloton range, 
would it not? 

Dr. Graves. It could be either. 

Representative Hortrietp. 1f you are going to the megaton range 
with the fireball touching the earth and with ‘the height of the mush- 
room cloud, do you not defeat your purpose ? 

Dr. Graves. Iam not saying what the purpose is. 

Representative Horirietp. I was thinking of a military purpose. 
The purpose of either having fallout locally or worldwide. 

Dr. Graves. If we have a megaton weapon to detonate for some 
reason, if we want to minimize worldwide fallout we must maximize 
local fallout. Hence we will do it by some such system as this—get 
as much dirt mixed up in the cloud as we possibly can. If we want 
to minimize local fallout, no inatter if it is a megaton or not, then we 
go to the air burst because then we minimize the amount of dirt mixed 
up in the cloud. 

The subwater or the underground shots just make this statement 
more so. If we really want to maximize local fallout, then we detonate 
these things so deep underground or underwater that nothing goes 
in the atmosphere, and then it is all local fallout and no wor ldwide 
fallout. So if we go from a high air burst down to a case where the 
fireball touches the ground, and then to where the fireball is on the 
ground, and then to where it is away below the ground, we are essen- 

tially going from a case where there is almost no local fallout, where 
there is more and more and more local fallout, until finally it is all 
local fallout. 

Essentially it is not fallout at all. It is underground where it stays. 

Representative Corr. If that is so, Doctor, if local contamination 
is a desirable objective of our military, could not that be accomplished 
by regulating the place where the explosion occurs, rather than to have 
that contamination contained within the we: ipon itself? 
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Dr. Graves. All of this is assuming that there is contamination in 
the weapon. If there is no ecntaminating material in the weapon, 
then we won’t have fallout anywhere. 

Representative Corr. It is impossible to have an absence of contami- 
nation in the weapon ? 

Dr. Graves. Exactly. 

Representative Corz. A while ago I asked to what extent nuclear 
radiation within the weapon itself was a desirable military objective. 
You said it would depend on the local conditions as to whether they 

vanted to contaminate an area. Now my question is, Cannot that local 
contamination be accomplished by regulating the height or place where 
the weapon explodes, rather than having the nuclear radiation con- 
tained in the weapon itself ? 

Dr. Graves. The answer is “Yes.” 

Representative Corr. If that is so, why is not in theory at least the 
goal of the military to achieve a weapon as free of nuclear radiation 
as possible and still obtain the blast and heat effect ? 

Dr. Graves. That is the point I was trying to make, If you have a 
military situation in which you want to contaminate a region very 
badly, you can’t do it by taking a weapon with very little radioactivity 
in it and detonate it in any way to put fallout down. You have to have 
the fission products there in order to contaminate the region, Am I 
misunderstanding you ? 

Representative Cotz. You were not misunderstanding me, I am 
afraid I am not completely understanding you. 

Dr. Graves. We have agreed that we cannot produce an absolutely 
clean weapon. This I think, is clear. On the other hand, there are 
degrees of cleanliness. If you want to contaminate an area, then let us 
not pick the lesser degree of cleanliness and try to get activity which 
is not in the weapon itself. 

tepresentative Coe. In order to have local contamination you must 
have fissionable products in the weapon itself. 

Dr. Graves. That is right. 

Representative VAN Zanpr. Dr. Graves, earlier this afternoon you 
said that an air burst at a certain altitude was found to be most effec- 
tive. Were these conditions that you are now describing taken into 
consideration in arriving at that conclusion ? 

Dr. Graves. Yes. I said that the height of burst depends on the 
effect you are trying to produce. If you want to produce the maximum 
local fallout, then clearly the best place to do it is at or below the 
surface, or somewhere along in there. If the effect you are trying to 
produce is the maximum amount of worldwide fallout then the best 
thing to do is to do it high up in the air. 

Chairman Durnam. You would eliminate most of it by going deep 
enough in having the explosion ? 

Dr. Graves. If you go deep enough you will contaminate every- 
thing right where the explosion occurred. It might be pretty deep 
for a pretty big weapon, but that is certainly correct. 

Representative Hoxtrretp. Of course, this does not take into consid- 
eration the strategy or the policy of the military in using these wea- 
pons, nor does it take into consideration the policy of an enemy nation 
in attacking us, 
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Dr. Graves. That is right. 

Representative Houirrerp. We have no guaranty that an enemy na- 
tion will be considerate enough to handle this in a way which will do 
the least damage, do we? 

Dr. Graves. No, sir. 

Mr. Chairman, I have nothing further that I would lke to stresg 
particularly. As I say, I am very happy to have a chance to appear 
before you and if you have additional questions, I will be glad to 
answer them. 

tepresentative Horirtetp. We appreciate your presentation, Dr, 
Graves. Will you be with us for the rest of the day in case there are 
additional questions ¢ 

Dr. Graves. 1 would be happy to stay. 

Representative Hortrtexp. Is it according to your schedule to stay! 
We are not asking you to stay, because we know the important work 
you are doing. 

Dr. Graves. No, sir; I have all day today. 

Senator Hicxenvoorer. At least while I have been in the meetings, 
Dr. Graves, there has not been any discussion or comparison of the 
impact of cosmic rays as compared to other radiating activity or any 
radiation which might come in from outer space, and how the intensity 
increases or decreases on that. 

Representative Houtrtecp. That is scheduled for Jater. 

Senator Hicxentoorer. That is fine. I did not know whether it 
was scheduled to be discussed. 

Representative Horirreip. Mr. Cole. 

Representative Corr. Mr. Chairman, I am very hesitant to ask Dr. 
Graves to continue longer, but since Dr. Graves has been in charge of 
our weapons tests both in the Pacific and continental United States 
for the past 6 years or since he is here, it seems to me that it would be 
of public interest to hear from him the procedures which he and those 
in charge of the tests followed in order to minimize the consequences 
of the tests, if he can do so within a few minutes. It is a rather large 
order, because I am somewhat familiar with the extent of your efforts. 
But I would like at least to give you an opportunity of telling the pub- 
lic of just what you and your staff do in having the tests occur under 
conditions which will cause the least damage. 

Dr. Graves. May I start with the statement of the work which has 
gone into planning the present series, Mr. Cole, because in my opinion 
the main safeguards that are introduced into the tests of weapons oc- 
cur during the planning stages. 

In planning the present series, we were faced with the necessity 
for testing a relatively large number of devices, larger than we had 
tested before. Hence our planning was conditioned on that particular 
basis. Since we had to test more devices, we had to be even more 
careful in this set of tests than we have been in the past. Asa result, 
we went back to the individual laboratories and to the Department of 
Defense, and told them that some of the tests that they were requiring 
to be done seemed to us to make the overall operation difficult and 
asked that they consider their particular requirements to see if some- 
how or other they could not raise the height of burst, change from 
towers to balloons, decrease the planned yield, or do such things. 
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In fact, we also suggested in several cases that the tests be combined 
so that the data could be obtained from a single test or a single deto- 
nation, rather than from two. 

We also devised a new method of determining the relative hazards 
of a particular test by estimating the number of megacuries—the num- 
bers that I placed on the board over there—which would be deposited 
locally. So that if we have a case where a hundred megacuries is 
going to be deposited locally, we can be sure that test will be less dan- 
gerous than one in which two hundred megacuries would be deposited. 

In this way we were able to compare one test with another. We 
could decide which particular test we should worry about. We could 
decide whether this series was going in fact to be worse than the next 
series or the past series or not. 

Once we have finally come up with a plan whereby the total amount 
of fallout is minimized, then we have to come to face with problem of 
carrying on the tests such that even the fallout that does occur will 
not hurt anybody. In order to do this, we have assembled in Nevada as 
competent a meteorological group as one can find anywhere. This 
meteorological group tells us long in advance what the weather will 
be like, such that we can control where the fallout will occur. 

The test area is in the midst of a bombing range which consists of 
very many square miles where there is no one. If we can arrange 
things such that the fallout occurs in this bombing range, then we w ill 
be sure of not hurting anyone. In order to guarantee ‘that it will fall 
in the bombing range, we have to know what the weather is going 
to be like. The postponements that have occurred for the last 10 days 
or so have all been due to 2 facts. In the first place, we have had 
unusual high winds. We have had a jet stream coming through which 
could carry the material to great distances, and that we do not like. 
We would rather have the fallout occur on our bombing range. In 
the second place, we have had a lot of precipitation. I know those of 
you who have been out there with us realize that we have been on a 
desert, but you may be surprised to find out that a few days ago our 
meteorologists told us there would be scattered showers in the region 
in the desert. We said let us not shoot while we have showers. I 
went into town that night to tell the newspaper people why we had 
this postponement, and I almost drowned getting back out. There 

was a flood. The highway was covered with water, and we had 6 
inches of water in our ditches in the desert. 

The next day they told us we might have some snow flurries. We 
had snow out on the desert. All these conditions are not feasible for 
tests because they sweep down the radiation and put it on the ground 
in regions that we can’t control. 

Consequently, I would like to give a very considerable hand to this 
group of meteorologists who we have out there who may make us mad 
becatise they make us postpone, but they keep us out of trouble. They 
tell us the weather with great accuracy and permit us to be sure that 
the weather will not give us a fallout situation that we would not like. 

I am often asked the question, why is it that we don’t do all of these 

shots by high airburst. We discussed here the possibility of minimiz- 
ing local fallout by using high airbursts. The conditions of testing 
are largely the conditions pertinent to the information we want to 
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get. We are not interested in producing there, information such that 
if someone says to make a weapon, then the laboratories will have the 
information they need to make that weapon. It turns out that there 
are experiments that must be performed to get some information in 
which the position of the device must be known with extremely great 
accuracy. 

I may say that we have an experiment proceeding in which the 
position of the device to better than a half inch is required, Clearly 
this sort of accuracy is impossible from an air burst. It is even 
impossible with a device suspended from a balloon. 

There are other cases where we don’t care where the device is to a 
half mile or something of that sort. We just don’t care. In such 
cases, I think we would be very wrong if we did not arrange somehow 
or other to detonate these devices high up in the air by an air burst. 

So what we do is to then say our laboratories have certain require- 
ments. They require us to test certain devices. They require us to 
get certain information from those devices. Our job in Nevada and 
in the Pacific is to devise a plan whereby these tests can be made and 
these experiments done safely. 

Representative Core. There is only one other question. What has 
been your experience with respect to radiation damage that has been 
the consequence of tests during the time you have been. Director, limit- 
ing it to the tests in Nevada. 

‘Dr. Graves. Again a part of the planning activities before this last 
series of tests was to accumulate all of the known data, all of the 
data from previous tests, to accumulate all of the measurements which 
have been made, and to interpret these as best we could into the 
total dose in all of the communities around the Nevada test site. These 
doses do not mean that the people in these communities got those 
doses, but it does mean that a certain fence post would have been ex- 
posed to that particular dose, and if someone stayed near that fence 
post he would have gotten that dose. 

We looked at it and the best we were able to determine is that in the 
region which is now inhabited, the highest accumulated dose would 
have been something like 4.5 roentgens in the 6 years we have been 
there, This is something less than 1 roentgen per year. I am speak- 
ing from memory so don’t hold me too firmly, I think there was one 
place with 4.3 roentgens. I don’t remember now the name of the 
town. There was one with 4 roentgens. But the great majority were 
less than 4 roentgens. I am eliminating one place known as River- 
side Cabins, where no one is actually living now. The people who 
were living there were living there for 1 year, as I recall it. The 
infinite dose to those cabins if “somebody had lived there forever would 
have been something like 7 roentgens. This was the only place that 
I know of that received more than this 4.3 I have discussed. 

Representative Horirtevp. Thank you very much, Dr, Graves, We 
appreciate your testimony. 

Our next witness is Dr. Frank Shelton, of the Armed Forces special 
weapons project. 

Dr. Shelton, will you come forward and take the right hand chair. 
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STATEMENT OF DR. FRANK SHELTON, TECHNICAL DIRECTOR, 
ARMED FORCES SPECIAL WEAPONS PROJECT * 


Dr. Suetron. The material presented to you by Dr. Graves was 
coordinated with me, and I concur in the statements that he has made 
to you. To a large extent I feel that the material was gathered and 
in part reflects the material in The Effects of Nuclear Weapons, the 
publication which some of you have before you. That being the case, 
the material as presented I would consider representing an official 
Department of Defense and Atomic Energy Commission position re- 
garding the accuracy of the material. 

I believe that is about all I have to say. 

Representative Horirrecp. Dr. Shelton, you know that this page 
oa was only delivered to us I think late Friday, and we have not 

ad a chance to even begin to read it. 

Dr. Suettron. Yes. I was informed this morning that the AEC 
bad made copies available last week. 

Representative Hortrierp. Therefore, we are not in a position at 
this time to question you on that particular book. You have no other 
statement to make ? 

Dr. Suetron. I might mention a few words about the organization 
which I represent. The Armed Forces special weapons project, among 
other people, helped to prepare the book you have before you. It is 
the organization within the Department of Defense which would have 
primary responsibility during the weapons tests to obtain weapons ef- 
fects data, principally for the Department of Defense. However, we 
have obtained a good deal of material at the request of the Atomic 
Energy Commission. We have, for example, been the organization 
which would gather together the capability of the country to measure 
the fallout from such an operation as the last Pacific one. 

Representative Hotirterp. The only thing I can say then, unless 
there are some questions, is that the staff and the members will have 
to look at this before we present any questions to you. It is possible 
that we will call you back later. 

Dr. Sueniton. Yes. What I had in mind saying was that I thought 
Dr. Graves had worked up a very complete presentation for you. 
I thought it would be somewhat redundant for me to elaborate fur- 
ther. Finally, that much of the material that he presented to you is 
material which we have already coordinated on and is the official posi- 
tion on the part of the Department of Defense. 

Chairman Duruam. Doctor, give us the size of the composition of 
your organization, and how you operate. Do you operate in con- 
nection with the Los Alamos Laboratories and all the rest of the lab- 
oratories throughout the country ? 

Dr. Sueuron. The Armed Forces special weapons project, as I said, 
is an agency of the Department of Defense. Essentially we work for 
the three services, the Army, the Navy and the Air Force, and it is 
our job to obtain the effects data that they require in the employment 
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or anticipated employment of nuclear weapons. To get that infor- 
mation we must participate on the full-scale weapons tests. To do 
the job, we have called upon many of the Government laboratories, 
and a number of the civilian laboratories to actually go into the field 
and to obtain the data. 

The Armed Forces special weapons project would then have as its 
job the assembling of that group of people. We actually coordinate 
ihat effort, and guide those people in the field to obtain the required 
data. 

Chairman Duruam. You tell the weapons division at Los Alamos 
or Livermore the type of weapons you want ? 

Dr. Suerron. It is usually not that way. More nearly the case 
is. that they are detonating a particular type of weapon in the process 
of development. In a more normal case, we would be aware of that 
type of weapon and need for information from that type of weapon. 
We do not tell them the type of weapon. 

Chairman Durnam. You suggest through the military channels 
what type of weapon you desire. Isn’t that the procedure. That is, 
for whatever size mission ? 

Dr. Suevron. Yes, sir. There are broad characteristics required 
by the Department of Defense in the weapons which eventually 
would be stockpiled. 

Chairman Durnam. What part do you take in evaluating the tests 
after they have already been completed ? 

Dr. Survron. When a test has been completed and we have ob- 
tained the data in the field, AFSWP continues to monitor the agen- 
cies that have taken that data, and in the final production of the 
reports. One of our largest functions is production of final test 
reports, on the effects, and not the development of weapons. 

Chairman Duruam. Do you go into the hazard at all of the radia- 
tion fallout or does that rest entirely in the laboratories? 

Dr. Suevron. Our large participation in fallout has been pretty 
well confined to the local fallout. For instance, in the last Pacific 
tests, we did document many thousands of square miles of the ocean. 
It was the AFSWP that documented the local fallout in the last 
Pacific tests. 

Chairman Dursam. Do you have any contact with NATO or 
the Far Eastern organization SEATO? 

Dr. Suevron, In addition to obtaining the information on weapons 
effects, we do transmit to the services that type of information in 
various publications. Those various publications are distributed to 
the American portion of NATO. Of course, there is the classification 
problem again. Typically one of our best known publications is 
one called Capabilities of Atomic Weapons. This is a compilation 
of the effects as we best know them. That is distributed to all of the 
Armed Forces of the United States. 

Representative Hoxrrietp. Dr. Shelton, do you have or can you 
present to the committee an unclassified list of the tests which we 
have held and an estimate of the radioactive mission of those tests? 
Is that permitted ? 

Dr. Survron. You are asking for a compilation of the tests in 
chronological order, and you are asking for the amount of radiation 
produced on those tests? 
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Representative Hoxirretp. I am asking you if that can be given to 
the committee on an unclassified basis or not? 

Dr. Suetron. I have discussed this subject, prior to coming here, 
with members of the AEC. We feel that we could not do that. We 
could do it in a closed session. 

Representative Horirievp. I understand that. 

Dr. Surevron. We feel that it would reveal information of a sensi- 
tive nature. 

Representative Hotirretp. In this book which I have not had a 
chance to read yet, you do not go beyond the description of explosion 
of one weapon, let us say. There is no extrapolation of what would 
occur in a war if 100 weapons of a megaton or 5 megatons each were 
exploded on the United States? 

Dr. Suevtron. What you have said is essentially correct. The 
phenomena as presented are over varying yields, but presented as 
one shot at a time and the effects that you can expect. The only effect, 
of course, that would be additive in a real large sense would be the 
fallout. In the normal employment of weapons one would not typ- 
ically overkill his target by repeatedly blasting weapons in the same 
spot. We did not treat the fallout except on a one-shot basis. 

Representative Hotrrrevp. I notice on page 419, you have a descrip- 
tion of a 1-megaton surface burst with a pattern of radioactivity, 
and the number of miles involved, the number of hours involved for 
downwind distribution at the rate of 15 miles per hour wind. It 
would be possible, by extrapolation, however, to take that particular 
description and apply it to 100 or 200 weapons if you know the mete- 
orological conditions as of a certain time. 

Dr. Suerron. What you have said is essentially correct. Although 
the chart given is for the dose rate at 1 hour, for a 1-megaton weapon, 
one finds the prescriptions given here, the mechanics of getting the 
same pattern for any other yields. We were not so explicit in giving 
you the pattern for other winds. As you saw, it was a uniform 15- 
mile-per-hour wind at all altitudes. I believe Dr. Kellogg, who is to 
follow us, will give you varying winds, but we feel that the funda- 
mental areas involved are represented by the chart and the prescrip- 
tions given for other yields. 

Representative Horirietp. As a matter of policy, you do not believe 
that we should keep from the American people the effects of atomic 
or hydrogen weapons, do you ? 

Dr. Sueiron. Indeed not, sir. We have gone out of our way, for 
instance, in presenting the book that you are talking about and go just 
as far as we could go. In fact, many of the statements in the book 
required careful consideration of classification and the final determi- 
nation that in the interest of the public that was the proper thing to do. 
We have withheld perhaps only a small percentage of all that is now 
known about nuclear weapons which is in the sensitive area relating 
to design of weapons. 

Representative Horrrienp. You are presenting this book for the 
committee’s action if they so desire of including it in the record, are 
you not ? 

Dr. Sueuron. The advanced copies of The Effects of Nuclear Weap- 
ons were distributed to the committee by the AEC. Any portions of 
that book for the record are perfectly allright. I noticed that the book 
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as I have it here does not have the preface, and I believe that would 
have explained the role of AFSWE in the preparation of the book, 
There is a preface and acknowledgment that I presume will go into 
the final publication. 

Chairman Durnam. Your division prepared this entirely ? 

Dr. Sueiron. Our division prepared this book in cooperation with 
Dr. Glasstone, and with the cooperation of the Atomic Energy Com- 
mission. We were asked to help prepare the book, and we did. 

Representative Horirmxp. General Starbird, do you wish to add 
anything to what Dr. Shelton has given to us today ? 


STATEMENT OF GEN. ALFRED D. STARBIRD, DIRECTOR, DIVISION 
OF MILITARY APPLICATION, ATOMIC ENERGY COMMISSION * 


General Srarpirp. I have nothing specific to add, sir. 

Representative Hoririztp. You have not prepared formal testi- 
mony ¢ 

General Srargirp. I had prepared, Mr. Chairman, some testimony 
originally when I thought I was to be the first witness. That testi- 
mony has been made available to you. It is entitled, “Testimony Be- 
fore the Joint Committee on Atomic Energy on the Production of 
Radiation and Radioactivity From Nuclear Weapons.” Knowing 
that Dr. Graves would be available, I consulted with him. I do know 
that the information contained in the statement that I mentioned has 
Dr. Graves’ concurrence. I find that he has covered verbally every- 
thing that is in the statement and in somewhat more elaboration. I 
would like to request, therefore, that the statement be added to the 
record. 

Representative Hotiriecp. Thank you. It will be accepted without 
opposition. 

(The statement referred to follows :) 

TESTIMONY BEFORE THE JOINT COMMITTEE ON ATOMIC ENERGY ON THE 
PRODUCTION OF RADIATION AND RADIOACTIVITY FROM NUCLEAR WEAPONS 
TOPIC V 

1. In this, the 5th topic of the hearing before your committee, we have been 
asked to cover the Production of Radiation and Radioactivity with Nuclear 
Weapons. From earlier witnesses you have received general background in- 
formation on radioactivity and its effect, together with a description of the two 
basic nuclear processes (fission and fusion). For this topic we have been asked 
to discuss the nuclear process employed in weapons, to describe the several 
different physical effects which the explosion of a nuclear weapon would give, 
and to discuss briefly the division of radiation energy which would result from 
various conditions of firing. We have prepared a written statement covering 
these matters and I shall follow closely that statement in my oral presentation. 
Description of nuclear weapons 


2. An explosion is the release of a large quantity of energy in a short interval 
of time and within a limited space. The release of this energy is accompanied 
by a very great increase in temperature so that the products of the explosion 
become extremely hot gases. The expansion of the air heated by a nuclear 


5Pate and place of birth: April 28, 1912; Fort Sill, Okla. Edueation: Bachelor of 
arts, U. S. Military Academy, 1933; civil engineering, Princeton Engineering College, 1937. 
Work history: Troop duty, Fort Belvoir, 1933-37; company officers’ course, Fort Belvoir, 
1937-38; instructor of the Engineering Department at the USMA, 1938-41; Operations 
Division, War Department, General Staff, 1941-44; engineer combat group eommander, 
Third Army, 1944-45; Operations Division, War Department. General Staff, 1945-46; 


Deputy Chief of Staff, USARPAC and Joint Task Force 7, 1946-49; Weapons System 
Evaluation Group, Office of Secretary of Defense, 1949-50: area engineer, Corps of Engl- 
neers, Pierre, S. Dak., 1950; Secretariat, SHAPE, Paris, France, 1950-53; Office, Chief 
of Engineers, 1953-55 ; Director, Division ef Military Application, AEC. 1955, (Sub- 
mitted by the Atomic Energy Commission.) 





uld 
0k, 
into 


ith 
om- 


add 


‘ON 


en 
par 
in- 
wo 
ced 
ral 
ve, 
om 
ng 
ol 





RADIOACTIVE FALLOUT AND ITS EFFECTS ON MAN 93 


detonation causes the formation of a blast wave. When the head of the wave 
(the shock front) passes a given point it results in an abrupt rise in pressure 
causing some of the destructive effects of the explosive. 

3. The nuclear bomb is similar to the more conventional high explosive bomb 
in that a portion of its destructive action is due to the blast or shock discussed 
above. However, apart from the fact that the nuclear bomb can be many thou- 
sands of times more powerful than the largest TNT bomb, there are other more 
basie differences. Firstly, a fairly large portion of the energy from a nuclear 
explosion is emitted in the form of light and heat. This emission is referred to 
generally as the “thermal radiation.” It can cause fires or skin burns at con- 


’ siderable distances. Secondly, the explosion is accompanied by highly penetrat- 


ing, but invisible, rays called the “initial nuclear radiation.” Finally, the sub- 
stances remaining after the nuclear explosion are in large part radioactive, emit- 
ting similar nuclear radiations over an extended period of time. This later radi- 
ation, arbitrarily taken as that which occurs later than 1 minute after the bomb’'s 
initiation, is commonly referred to as the “residual nuclear radioactivity.” 

4. Earlier nuclear weapons made use only of the fission process in the achiev- 
ing of this high energy nuclear detonation. In this process neutrons are caused 
to enter the fissionable nuclei of atoms of either uranium or plutonium. Under 
certain prerequisite conditions the fissionable material is split (or fissioned) into 
fission products by an almost instantaneous chain reaction. During the fission- 
ing, great quantities of energy are released. Neutrons and gamma rays escape 
from the fissioning material and bombard surrounding elements, forming some 
radioactive isotopes. The fission products which result from the explosion con- 
stitute a very complex mixture. This mixture may consist of about 170 different 
types of fission debris which are isotopie forms of some 35 different chemical ele- 
ments. (See chart I.) This fission debris initially is highly radioactive and 
decays over a period of time by the emission of beta particles and gamma rays. 
From each kiloton of fission yield approximately one-tenth of 1 pound of radio- 
active fission products can be expected to occur. At 1 minute after the explosion, 
when the residual nuclear radiation has been postulated as beginning, the radio- 
activity from the fission products of a kiloton of fission energy yield is compara- 
ble to that of some 100,000 tons of radium. The radioactivity decays rapidly. 
For example, there are given below the estimated total gamma activities of the 
fission products from a nominal atomic bomb, expressed in megacuries, at 
various times after the detonation. 


Total gamma activity of fission products in megacuries 
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5. Later, means were found of using the fusion process to secure weapons of 
higher yield than were practical from the purely fission designs. You will re- 
member that a fusion process is the uniting or fusing of very light elements to 
form heavier elements and that great quantities of energy are given off in the 
process. To initiate a fusion process tremendous heat is required. The term 
“thermonuclear” results from the fact that such weapons use heat to maintain 
the nuclear reaction. In contrast to fission, no fission product radioactivity 
results directly from fusion. Fusion, however, is accompanied by the escape of 
neutrons, some of extremely high energies, and these can induce radioactivity in 
materials with which they come in contact. Naturally, too, in a thermonuclear 
weapon the fission portion of the reaction forms radioactive debris in the same 
manner as ina purely fission weapon. 

6. The partition of energy from a nuclear explosion as between blast and 
shock, thermal radiation and nuclear radiation varies somewhat with the design 
of the device and with its condition of firing. As a general approximation nev- 
ertheless, the division can be considered as that shown by chart II. The chart 
portrays specifically the result which could be expected from the detonation of 
a device of yield of 1 megaton, fired within the earth’s atmosphere, but at such 
altitude that comparatively little extraneous material from outside of the device 
is available to be made radioactive by escaping neutrons (as for example, if 
fired at a few thousands of feet in the air). 

7. You will note that in this case some 50 percent of the energy would be re- 
leased as blast or shock, some 35 percent would occur as thermal radiation (heat 
or light), while some 15 percent would be in the form of nuclear radiation, Of 
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this 15 percent, roughly one-third would be “initial radiation” occurring within 
1 minute after firing, while two-thirds would be “residual radiation.” ‘The 
highest intensity of this residual radiation naturally would occur during the 
seconds immediately after the first minute. It would decay rapidly thereafter 
but some small residual radioactivity could be expected for many years or even 
thousands of years after the detonation. (See table in paragraph IV.) 

8. The 50 percent of the energy translated into blast or shock would have 
effects quite similar to those to be expected from a high explosive detonation, 
(See chart III.) These would consist of a shock front (the head of the blast 
wave), a later region of high and low pressures behind the shock front, and a 
violent wind flow. This latter would initially be in the direction outward away 
from the explosion, but later in a reverse direction. The damage caused by the 
shock or blast would be, of course, a function of the weapon’s yield, of distance 
from the firing and of the strength of the receiver. In the case of a typical air 
burst, the distance to which a given overpressure (or blast effect) extends varies 
generally as the cube root of the yield. The term “generally” is used for the 
reason that there are other factors such as reflected or refracted shock waves 
and pressures which under many conditions can reinforce or interfere with one 
another in such manner as to change materially the blast effect at a given point. 
As an indication of the order or magnitude of the effect one might expect from 
this phenomenon the burst of a 20-kiloton weapon at an altitude of several 
hundred feet could be expected to destroy beyond economical repair a multistory 
reinforced concrete building at distances up to one-half mile. On the other hand, 
a 1-megaton burst fired under comparable conditions could be expected to give 
similar damage to the reinforced concrete structure at distances up to 2 miles. 
Although large pressure differences result in injury to the human body, persons 
are more likely to be injured by flying objects, crushed or buried under buildings, 
or thrown against fixed structures than to be injured directly by wave over- 
pressures. 

9. The one-third of the weapon’s energy emerging in the form of thermal radia- 
tion is contained initially in a relatively small volume of incandescent gases 
resulting from the vaporization of components of the device and of the adjacent 
atmospheric or other materials. (See chart IV.) This intensely hot spherical 
mass termed the “fireball” is visible for a perceptible period of time until the 
thermal radiation has been dispersed over such volume that visible light is no 
longer emitted. The initial temperature of the fireball is of the order of several 
million degrees and the thermal radiation covers a broad spectrum of wave- 
lengths and includes ultraviolet, visible, and infrared. These radiations travel 
outward at tremendous speeds. The extent of injury or damage to a person or 
material resultant from thermal radiation is a function mainly of total energy 
received, but secondarily of the rate of absorption. From a given weapon, or 
from weapons of comparable energy yield, the intensity of thermal radiation 
received is a function primarily of distance from the burst. The amount varies 
inversely as the square of the distance, provided there were no attenuation by 
the atmosphere. The period over which thermal energy is given off from an 
explosion increases with the yield—that from a kiloton device being limited to a 
few tenths of a second but for a megaton device the period may extend to several 
seconds. A 20-kiloton burst could be expected to ignite combustible house mate- 
rials at ranges up to 2 miles, while a 1-megaton burst could have similar effect 
up to 10 miles. The 20-kiloton burst could cause first degree burns to exposed 
skin surfaces at ranges of 3 miles, while a megaton burst could cause similar 
burns at 14 miles. Adverse weather conditions can vary the distance at which 
these effects occur. 


Nature of the nuclear radiation from a weapon 


10. The 15 percent of the weapon’s energy which becomes nuclear radiation 
is the result of several actions and interactions. Some of these, of course, occur 
immediately after firing while others are much later in the chain. To name the 
primary of these actions (chart V): 

(a) Firstly, the initial fission or thermonuclear reactions emit high 
gamma and neutron fluxes. 

(b) Secondly, radioactive debris products result from the fissioned atoms. 
The radioactive debris products condense into particles of various sizes and 
may fallout locally or at a distance depending upon their size and the alti- 
tude from which they fall, as well as meteorlogical conditions. The indi- 
vidual radioactive isotopes regain their nuclear stability by giving off beta 
particles, which in a large fraction of the cases is accompanied by emission 
of gamma radiation, The average time for the atoms of a particular isotope 
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to reach stability varies from a fraction of a second to thousands of years. 

(ec) Thirdly, neutrons contribute to the residual radiation by inducing 
activity in various elements of the materials in the bomb, atmosphere or in 
substances which may be in the explosion environment. 

11. Essentially all neutrons escaping a bomb are released from the fission or 
fusion reaction of the bomb’s nuclear material. They emerge almost immedi- 
ately after initiation of the firing. Though they represent only a very small 
portion of the total energy yield of the explosion they can possess a sizable 
kinetic energy. They can penetrate relatively long distances through the atmos- 
phere (of the order of several thousand feet near sea level) and can induce 
radioactivity in the atoms they encounter. The distance at which the neutrons 
from a nuclear explosion can in themselves constitute a hazard is a function of 
the type of reaction, of the size of the explosion, and of the materials surround- 
ing the bomb. From thermonuclear reactions, neutrons of higher energy are re- 
leased than from the fission process. On the other hand, the number of neu- 
trons escaping to travel to great distances depends on the thickness and type of 
material which surrounds the nuclear constituents of the bomb. 

12. Gamma radiation, like neutrons, is released in large quantities from the 
initial explosive mass and can pentrate considerable distances through the air. 
Further, additional quantities of gamma radiation can result from the inter- 
action of escaping neutrons with particles they encounter, and from the subse- 
quent decay of radioactive elements throughout their life. A sizable portion of 
the residual radiation from a nuclear explosion is released ultimately as gamma 
radiation. This release is of decreasing intensity with time, but can continue 
for many years. 

13. Two other forms of residual radioactivity alpha and beta particles, are 
found normally in bomb debris. The alpha particles are of very short range 
and result only from the unfissioned portion of the original fissionable material. 
If the fissionable material is available in sufficient quantity and is taken inter- 
nally into the body, the alpha radiation from it could (with long residence in 
the b dy) cause extensive damage. However, for various reasons which will be 
discussed under a later topic, this unfissioned material is generally less of a 
hazard than some of the fission products. Beta particles (electrons) have a 
limited range. Depending upon the initial energy, the range may be only a few 
centimeters in atmosphere at sea level. Such particles result from the decay of 
fission products. They can constitute a hazard, but only when deposited on the 
body’s surface or internally. 


Type of weapon bursts and their effect on radioactivity 


14. The portion of a bomb’s energy that emerges as radioactivity (as contrasted 
to that portion which emerges as blast or thermal) is a function primarily of 
bomb design. Naturally, if the fission yield is high in contrast with the fusion 
a greater relative quantity of fission debris products will result. Naturally, 
too, the higher the energy of the escaping neutrons and the greater the amount 
of material close to the explosion, the greater will be the induced activity. 

15. The conditions of the firing of the weapon, however, can have an important 
effect both on the amount of total residual nuclear activity and importantly on 
the distance at which that activity can be felt. In this connection, I shall men- 
tion briefly and generally the changes in residual radioactivity distribution which 
could result from weapons or devices fired on the earth’s surface; at several 
hundreds or several thousands of feet in the air; underground; or underwater. 

(a) In the case of a surface or near surface burst (chart VI), a larze 
quantity of the surface material could be drawn up into the fireball to be 
mixed there with the radioactive fission products while those products are 
still in gaseous form. Escaping neutrons encountering this drawn up mate- 
rial could induce radioactivity therein. At the same time, however, when the 
cooling radioactive gases condense they would form in part larger particles 
which would trap (or scavenge) the material’s residual radioactivity. These 
larger particles would fall out rapidly and relatively close to the firing point 
from such a burst, thus making local fallout heavy. 

(b) Inthe ease of an air burst at several hundred or several thousand feet 
altitude (chart VII) where the fireball does not touch the ground, the debris 
from the fission process would be unchanged in amount from that of a low 
altitude burst. However, the induced activity caused by the interaction on 
particles sucked into the fireball from the surface would be lacking. The 
total radioactive debris then would be less than in the case of the surface 
burst. The scavenging material from the earth’s surface also would be 
lacking. The particles into which the debris condenses would generally be 
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smaller than in the case of a surface burst and would drift to the earth’s 
surface at a distance from the firing. 

(c) In the case of an underground or an underwater burst it is theoretic. 
ally possible to place the detonation at such depth that little or no radio- 
activity would reach the atmosphere. Naturally, for such firings the in- 
duced activity would be relatively high, but would be confined in the earth 
or water along with the bomb’s debris fragments. In the case of under- 
water shots, the movement of their residual radioactive particles is affected 
by ocean currents. In the ease of underground burst, however, movement 
could only be through transfer of the surrounding material to the outside or 
by leaching. Great depths would be required to confine weapons of multi- 
kiloton or multimegaton yield if total initial radioactivity is to be confined. 


Measurements and limitation on the data 


16. In each of our several test series we have devoted a great deal of effort 
to the securing of information on the effects to be expected from nuclear weapons. 
Certain information can be readily secured and other is most difficult to measure 
or estimate. 

17. We have available detailed information on the blast and shock effects 
to be expected from weapons of various sizes, on various type structures, under 
different conditions of firing, and different ranges. These data present rather 
precise estimates of what could be expected from a future detonation or detona- 
tions. The same is true, but to a somewhat lesser extent, with respect to thermal 
radiation. 

18. With regard to nuclear radiation we have devoted intensive effort and with 
all means available to date to the securing of essential information. We can 
estimate with a fairly high degree of reliability the initial radiation which will 
result from a certain firing. With respect to residual radiation, because of the 
time over which it will oceur and the many factors (including atmospheric) 
which have effect, the giving of precise forecasts is much more difficult. I shall 
not attempt to cover these factors, nor their reliability, in view of the fact that 
many of the later witnesses will give expert testimony in this regard. 
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Cuart I.—Fission yield versus mass number of fission products. 
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Cuart II.—Distribution of energy in a typical air burst, 
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Cuart III. Sectional view development of an atomic air burst. 
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Sectional view development of an atomic burst. 
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CuHart V.—Fissioning of U-235 nucleus. 
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Representative Horirtretp. Are there any questions of Dr. Shelton 
or General Starbird ¢ 

Representative Corr. Mr. Chairman, I should like to have either of 
the witnesses comment on the question which I propounded to Dr, 
Graves. I shall leave to them the realm of the classified or security 
information. 

I would like to know to what extent internal nuclear radiation or 
induced radiation is an important factor in determining weapons 
development. 

General Srarsirp. The radiation that is in the weapons basically 
that were discussed, sir, was inherent in the original design of weap- 
ons. It would be possible that that radiation could have some mili- 
tary advantage. But our major effort of our laboratories over a past 
period of several series has been to find ways and means of decreasing 
the contamination that would result from a nuclear detonation. 

tepresentative Cor. Is it a fair conclusion, then, that your goal is 
to obtain a weapon with the greatest yield and the least amount of 
radiation, whether internal or induced ? 

General Srarsirp. That is one of our major goals, sir. 

Representative Cor. Is it to any extent a goal to obtain a weapon 
with a minimum of blast and heat and a maximum of radiation ¢ 

General Srarsirp. I know of no such goal, sir. 

Representative Cote. That is enough. 

Chairman Durnam. Your preference, of course, would be no radia- 
tion? 

Representative Coir. If you can get the same blast. 

General Starpsirp. To carry out the objective I mentioned, the ful- 
fillment of that objective would be to get none. 

Representative Van ZAnpr. Does a nuclear weapon offer a field com- 
mander the capability of contaminating an area with radiation ? 

General Starsiro. As Dr. Graves mentioned, a greater amount of 
radioactivity can be | pene locally. I think, sir, this would be the best 
answer. However, I cannot comment on w hether that would be an 
objective. 

Representative Van Zanvt. Then radiation does play a part in the 
prosecution of a nuclear war. 

General Srarsirp. It certainly plays a part, sir. 

tepresentative Horrrrecp. As a matter of fact, you cannot have a 
nuclear war as far as you know now without radiation, can you? 

General Srarsirv. I know of no way. 

Representative Moririeicp. Looking at this strictly from a military 
standpoint, why would you, without any assurance that the enemy is 
doing likewise, want to decrease one of the powerful elements of the 
weapon—there being 3 elements, 1 blast, 1 heat, and 1 radiation—look- 
ing at it strictly from a military standpoint. Why would you deny 
yourself one of those elements ? 

General Srarsrrp. One would like to have weapons that he has the 
greatest amount of control over. 

Representative Horirterp. But if you did have a weapon where you 
had a maximum control over the factor of radioactivity would you 
have any assurance that a ruthless enemy would not take advantage 
of this other powerful element of the weapon in an onslaught against 
us ? 
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General Srarsirp. I feel I am not really the one to answer that, sir. 
My field right now is in an assignment with the Atomic Energy Com- 
mission. ‘lo answer your point from a personal viewpoint, I don’t 
know of anything that we could do to guarantee that the other man 
would do likewise. 

Representative Hortrietp. Are there any questions of General Star- 
bird? 

Senator Anprerson. Did I understand you a moment ago in answer 
to Congressman Cole’s question to say that you were trying as far as 
possible to reduce the radiation in weapons 

General Srarsirp. This is an objective, sir, of the Commission’s 
program, that is, to find ways and means of reducing the contamina- 
tion from a weapon. 

Senator Anperson. I am not talking about the Commission’s pro- 
gram now. I am talking about the military program. Do I under- 
stand it to be your testimony that the military is now engaged in trying 
to reduce the radiation? If so, I would like to whisper | to you here on 
the side the question that you can either comment on or not. 

General Srareirp. No, sir, I think I can comment. Certainly the 
military has indicated to us a great interest in weapons that have a 
lesser contamination for the y ield involved. 

Senator Anperson. I was not talking about interest. I was talking 
about poe 

General Srarrirp. We are the ones, sir, as you know, who actually 
do the development work and the actual research for the production 
of the nuclear weapons. Generally to carry out an express require- 
ment or expression of interest by the Department of Defense. 

Senator Anprrson. To whom can I direct a final question and see 
if it isclassified ? 

General Srareimp. Mr. Marshall is Director of Classification. 

Representative Van Zanpr. General, is it not true that in the em- 
ployment of special weapons the field commander has to have a variety 
of them? He may call upon a weapon where he wants no contamina- 
tion left after the burst, or he may employ a weapon where he wants 
to contaminate a great area. So it is up to you people to develop 
various types of weapons to give him the versatility he must have in 
the prosecution of a nuclear-type war. Am I correct in that assump- 
tion ? 

General Srarnirp. It is true that a versatility of weapons increases 
the strength of the military force, sir. 

Senator Anperson. I have no further questions. 

Representative Horirierp. Thank you very much, gentlemen. As 
I said to Dr. Shelton, we will want to look at this book and possibly 

call you back ater. 

General Srarninp. Thank you, sir. 

Representative Corr. W ould the Chair indulge me for just a mo- 
ment in order that I may fill in a gap—not from these witnesses—when 
Dr. Graves said at the motel in Nevada the highest dosage was 7 
point something roentgens. 

Dr. Graves. That is correct. 

Representative Core. Tell us, since you are here, Doctor, what are 
the rules of the Commission with respect to safe dosages of workers 
in the Commission’s laboratories, and so forth. 
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Dr. Graves. I have forgotten the title, but I think it is the American 
Commission for Radiation Protection, or something of that sort, 
originally stated that the workers in radioactivity could take one 
tenth of a roentgen per day forever without suffering injury. In the 
Commission laboratories it was determined that we should reduce 
that by roughly a factor of two and so it has been reduced to three- 
tenths of a roentgen per week. 

In our test operations we have said that we will permit our people 
to take this three-tenths of a roentgen per week. However, they went 
for a quarter of a year, which would be 13 weeks, and hence our test 
criterion has been something like 3.9 roentgens per quarter or per period 
of 13 weeks. This means that our people in the test series we have 
tried to keep below 3.9 roentgens. We have not always done that. As 
a matter of fact, there have been a number of cases where people have 
gotten 3, or 4, or 5 times that much. For people offsite, we would 
like to do better than that. It is our feeling that if people are not 
willingly engaged in this activity, we should not ask on to take as 
much as we do. So we try to say that people offsite should not get 
more than 3.9 roentgens per year instead of per quarter. The present 
criterion is, I guess, 3.9 roentgens per series. 

Representative Corr. I would like you to comment on the lethality 
of the 7 or so roentgens given to the motel. 

Dr. Graves. The lethal dose is around 450 roentgens. This is very 
much less than that. Again this is not a subject on which I am an 
expert. So I don’t want this to be taken as expert testimony in 
your record. To my knowledge, in order to be able to examine the 
blood or tissue or blood of someone and find out they have been ex- 
posed to radiation, the minimum dosage you can detect by some changes 
in the body you can see immediately is something like 20 or 25 
roentgens. If it is less than 20 or 25 roentgens, there is no test we 
can make on an individual to show he has had radiation. If we get 
up above 20 or 25 roentgens, you begin to notice that there have been 
changes made in the blood. Some cells have become broken up or 
deformed in one way or another. You can detect some small changes 
above 25 roentgens. At about 75 roentgens or 100 roentgens a person 
would become ill, nauseated, and have some radiation sickness, and 
would recover, and presumably be all right. It is around 400 roent- 
gens when you begin to find a few people die. Around 450 about half 
of the people would die, or something of that sort. So this 7 roent- 
gens is considerably less than the amount that one can detect by any 
means that we know of for detecting radiation. 

Representative Corr. Is it a fair conclusion, then, that the persons 
who may have been exposed to that dosage of 7 roentgens were not 
harmed in any way. 

Dr. Graves. That is not a fair statement, because then you get me in 
trouble with people who are worried about long-term effects. __ 

Representative Horirreip. The Chair might say we are going into 
the pathology feature of this, and we have a list of distinguished 
witnesses that will testify on this point. 

Dr. Graves. Yes. I want to be sure you understand I am not an 
expert in this field. I do not mind talking about it, but do not take 
my testimony as expert in that particular connection. 
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Representative Van Zanpr. Mr. Chairman, may I ask this question. 
Doctor, how many roentgens did your body absorb in the Los Alamos 
accident ¢ 

Dr. Graves. I had about 200. 

Representative Cotz. From outward appearances you look rather 
healthy. 

Dr. Graves. Thank you. 

Representative Coir. At this time some several years later. 

Dr. Graves. That was in 1946, so it has been 11 years. But this 
really is not important. You may have one person take 200 roentgens 
as I did and be perfectly happy for 10 years. But does it give me 
a greater probability of having cancer or does it give me a greater 
probability of this, that or the other, we just do not know. The dan- 

yer is not that this will happen to you. The danger is that it is more 
ikely to happen to you. Maybe the more likely is not very much 
more likely, but it is still more likely. 

Representative Van Zanpr. Doctor, how did this dose of radiation 
affect you ? 

Dr. Graves. I was nauseated for the first day. I was in the hos- 
pital for 2 weeks. I never did feel very sick but I was quite—I did 
not have very much ambition, I was tired, I got tired climbing steps 
and so on, and this lasted for perhaps 6 months. At the end of 6 
months I was back to work, and I can’t tell any difference now. 

Representative Van Zanpr. Did it affect your hair in any way? 

Dr. Graves. I lost the hair on one side of my head. I did not have 
to shave for a while, which was a byproduct that was useful. 

Representative Van Zanpr. How about your eye? 

Dr. Graves. I have a radiation cataract in one eye. The other eye 
is perfectly all right. 

Representative Hottrieip. What was the white corpuscle count at 
the end of 6 months? 

Dr. Graves. At the end of 6 months it was back to normal. You 
can’t tell anything. You can examine me with a microscope or any- 
thing else, and you can’t tell any difference now. At the time my 
white blood count dropped from about 8,000 or 9,000, which was nor- 
mal, down to around 2,000. Again I don’t have these numbers in 
front of me, so I don’t remember exactly. But at the end of perhaps 
a week or 10 days the count began to increase again, and got back to 
normal. As a matter of fact, it got above normal. By 6 months it 
was back to normal, and stayed there ever since. 

Representative Horirretp. Dr. Graves, I think I express the feel- 
ings of every member of this committee that have known about this 
for so many years, that we are glad you are in as good health as you 
are today, and we want to again express our thanks to you for the 
tremendous contribution you have made to the security of our Nation. 

Representative Coir. Mr. Chairman, I just want to concur in what 
you have said with respect to the attitude of the committee toward Dr. 
Graves’ work. But since we have engaged in some rather personal 
questions of him with respect to consequences of his exposure, I would 
like to inquire if since that occurred you have increased your family 
in any way, and if so, whether the progeny is apparently normal and 
health. Mr. Chairman, I do not ask it facetiously. Here is a man 
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who has been exposed to a degree of radiation probably greater than 
any person that we know. He has told us the consequences to him of 
his own body. Since radiation exposure has been said to involve a 
question of sterility and so forth, unless he would rather not answer, 
1 would like to give him the opportunity of indicating. 

Dr. Graves. I had one daughter before the accident. I have had 
a daughter and son since the accident. The daughter and son as far as 
can be told are perfectly normal kids. We love them very much. 

Representative Van Zanvr. From a heredity standpoint, do they 
show any extraordinary amount of energy as a result of your brush 
with atomic energy ? 

Dr. Graves. Speaking as a parent they are very intelligent children, 

Representative Hotirierp. Thank you very much. Our next wit- 
ness is Dr. W. W., Kellogg of the Rand Corp. and he will speak to us 
on the subject of atmospheric transport, storage, and removal of par- 
ticulate radioactivity. 

Dr. Kellogg, how long is your presentation ? 


STATEMENT OF DR. W. W. KELLOGG, RAND CORP.® 


Dr. Ketxoce. I have a report for the record which is somewhat long, 
and I was not planning to give it all now. It has a lot of documen- 
tation in it. I was going to abstract it to the committee orally, I 
could do it in 30 or 40 minutes. Is it too late to do that ? 

Representative Honirterp. We will accept your prepared statement 
for the record. We will be glad to have you summarize it. 

(The statement referred to follows % 


ATMOSPHERIC TRANSPORT AND CLOSE-IN FALLOUT OF RADIOACTIVE DEBRIS 
From AtoMIc EXPLOosIoNs 


(By Dr. William W. Kellogg, RAND Corporation) 
INTRODUCTION 


It is well known that the radioactive debris from an atomic explosion is car- 
ried high into the atmosphere, and that eventually all of it reaches the ground. 
However, there are a variety of things which can happen to these particles on 
their way to ground, and their paths can be quite complicated. The purpose of 
the present report is to describe and document part of this process of radioactive 
fallout. 

In order to limit the discussion, fallout here will be taken to mean “close-in 
fallout,” the fallout which occurs during the first day or two following the ex- 
plosion, and which deposits radioactivity within a few hundred miles of ground 





¢ Born: February 14, 1917, at New York Mills, N. Y. Educated: Brooks School, North 
Andover, Mass.; Yale University, bachelor of arts, 1939; University of California, Berke- 
ley, graduate studies in physics; UCLA, master of arts in meteorology, 1942; UCLA, doctor 
of philosophy in meteorology, 1949. Occupations: Prep school science teacher (Brooks), 
1939-40; teaching assistant, physics, University of California, 1940-41: U. S. Air Force, 
pilot weather officer, separated with rank of captain, 1941-46; research assistant, research 
associate, and assistant professor (in succession), Institute of Geophysics, UCLA, 1946-52; 
research scientist, the Rand Corp., Santa Monica, 1947-—present. Affiliations: American 
Meteorological Society (committee on admissions, upper atomsphere committee) ; Amer- 
ican Geophysical Union (upper atmosphere committee) ; Society of Sigma Xi; member, 
meteorological committee on the biological effects of atomic radiation, National Academy 
of Sciences-National Research Council: member. working group in internal instrumenta- 
tion of the earth satelite program; member, ad hoc panel for measuring radioactivity in 
air of the United States National Committee for the International Geophysical Year ; for- 
—* member, upper atmosphere committee, NACA (now defunct). (Submitted by Wit- 
ness. 
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gero. The intermediate scale of fallout (that which occurs in the first few 
weeks) and the worldwide fallout will be treated by others. 

Although the purpose is to tell what we know about fallout, an effort will 
also be made to point out the areas of uncertainty in our knowledge. Fallout 
ig a process which is affected by many different things, and the atmosphere by 
its very nature behaves in an erratic and random way. Thus, it is fair to say 
at the outset that, no matter how well we could document our observations of 
fallout, there would still be an area of uncertainty due to the randomness of 
the process. This aspect should be borne in mind in considering the evidence 
which follows, 


DESCRIPTION OF THE PROCESS OF CLOSE-IN FALLOUT 


There is a fundamental difference between the fallout from an atomic device 
detonated at the ground and the fallout from one detonated so high that the 
fireball does not touch the ground. In the case of the surface burst, large quanti- 
ties of surface material are broken up, melted, and even vaporized, and some of 
this material comes in intimate contact with the radioactive fission products. 
Then, after the atomic cloud has stopped rising and the violent updrafts asso- 
ciated with the explosion have subsided, the larger and heavier particles start 
falling back to the ground. The result is an area around ground zero and extend- 
ing downwind which is covered in a more or less systematic way with particles 
contaminated by atomic debris. 

In the case of an air burst in which the white-hot fireball never reaches the 
surface, the radioactive fission products never come into close contact with the 
surface material; they remain as an exceedingly fine aerosol. At first sight this 
might be thought to be an oversimplification, since there have been many cases 
in which the fireball never touched the ground, but the surface material was 
observed to have been sucked up into the rising atomic cloud. Actually, how- 
ever, in such cases a survey of the area has shown that there has been a negligible 
amount of radioactive fallout on the ground. Though tons of sand and dust may 
have been raised by the explosion, they apparently did not become contaminated 
by fission products. 

The explanation for this curieus fact prabably lies in a detailed consideration 
of the way in which the surface material is sucked up into the fireball of an air 
burst. Within a few seconds from burst time, the circulation in the atomic 
fireball develops a toroidal form, with an updraft in the middle and downdraft 
around the outside. Most of the fission products are then confined to a dough- 
nut-shaped region, and may be thought of as constituting a smoke ring. When 
the surface debris is carried into the fireball a few seconds after the detonation, 
it passes up along the axis of the cloud, through the middle, and can often be 
seen to cascade back down around the outside of the cloud. In its passage 
through the cloud, it has passed around the radioactive smoke ring but has never 
mixed with it.’ 

There has not been a large number of surface shots in the United States test 
series, and most of these have been set off in the Pacific area, where complete 
documentation of the fallout has been difficult because the greater part of the 
material came down in the open ocean or in the water of the lagoons. During the 
last Pacific test, however, a method of surveying the ocean to determine the 
distribution of the fallout was used which has given us some fairly complete 
and quantitative data on the pattern of the fallout from some larger yield de- 
vices.2, A reanalysis of the fraction of the debris which came down within the 
first few hundred miles from the various Operation Redwing surface shots by 
Tucker,* based on the ocean and atoll survey made jointly by the Scripps Institute 
of Oceanography, the Naval Radiological Defense Laboratory, the Evans Signal 
Laboratory, the New York Operations Office of the AEC, the Chemical Warfare 
Laboratories of the Army Chemical Center, and the Air Forces Special Weapons 
Center, reveais that from a large yield surface burst about 85 percent falls down 
in roughly the first 24 hours; for a barge shot in the water of a lagoon the fraction 
is between 65 and 70 percent. According to Tucker, the accuracy of the estimates 


1“, ne gee, s 8, ios. R. Rapp, and 8. M. Greenfield: Close-In Fallout, Jour. Met., vol. 
0 5 

*Van ibm? Vv. L. E. Killion, J. A. Chiment, and D. C. Campbell: Fallout Studies 
During Geerations eee Field Command, AFSWP, Operation Redwing Preliminary 
Report, ITR-1354, October 1956 (Secret, R. D.). 


3 Tucker, B. L.: Fraction of Redwing Radioactivity in Local Fallout, RAND Corp., 
Report in preparation, May 1957 (Secret, R. D.) 
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here is probably no better than 20 or 30 percent, so the good agreement which 
he obtained for various kinds of shots may be fortuitous.‘ 

The one other piece of evidence on the fraction falling out from a surface shot 
comes from Operation Jangle. The Los Alamos Health and Safety Division 
had a number of stations downwind to record the fallout, and the Air Force sur. 
veyed a larger area by flying an instrumented aircraft at low altitudes over the 
desert. Two analyses have been made of the resulting fallout pattern in order 
to estimate the fraction of the debris which was represented, one by Lulejian® 
and the other by Rapp.’ The results are as follows: 


Percent 
Lulejian : Beyond 10 miles from ground zero and within 200 miles________ 60+20 
Rapp: Beyond 4 miles from ground zero and within 200 miles_......_.._____ 77 
Rapp: Total. falioat: dnt. to 2a ties es oe ee a dk een 87 


It should be noted that the famous March 1, 1954, test of the Castle series in 
the Pacific, which received some publicity because of the fallout on some nearby 
inhabited atolls," was not well enough documented to enable one to get a good 
estimate of the percentage of fallout. In order for such an estimate to be made 
it is clearly necessary to be able to lay out the complete fallout pattern. This 
was not possible here, since the islands on which the fallout occurred occupied 
only a part of the pattern, and were probably not in the region of maximum 
fallout. This event will be discussed more below. 

As pointed out above, if the height of burst is raised, the amount of surface 
material which can become intimately mixed with the fission products becomes 
less. As a result, the fraction which takes part in close-in fallout decreases 
with increasing height of burst. A tower shot does not exactly follow this trend, 
however, since the material in the tower itself and in the cab at the top of the 
tower apparently provides some radioactive fallout. The fraction falling out 
from a tower shot appears to be quite variable, as can be seen from the following 
tabulation prepared by Kenneth Nagler and Dr. Lester Machta of the United 
States Weather Bureau, based on a detailed analysis of the actual fallout from 
a number of tests in Nevada, all of which had yields in the range of 12 to 18 kt, 


Percent 

RP RAINE ica cps Seca clos Rees aa emcee dele ial cia aa cia eile eae Mapes ae eal 17.8 
12, 

8.9 

7.8 

7.0 

URINE a i a a a 10.8 

NE I i i a 5.4 
e-1oet Gis burst CORDEOIRITT CRCEE IID ) aicieiiiccs dccieceeeiemionceicnretinanienaiancnaal 1.0 


It should be noted that the particular airburst cited here produced a fireball 
which almost touched the ground. Higher airbursts, as mentioned above, pro- 
duce no significant close-in fallout. 

So far the discussion has been concerned with the total amount of radioactive 
material taking part in the fallout. The distribution of this material on the 
ground depends on a number of parameters—wind structure, yield and height 
of burst, and kind of surface. The yield and height of burst predominantly de 
termine the distribution of radioactivity with size of particle, and the height 
and size of the cloud at time of stabilization. The kind of soil taken into the 
fireball presumably has an effect on the particle size distribution too. In order 
to make a calculation of where the debris will go, all these factors must be taken 
into account in one way or another. The various ways of handling this com- 
plicated situation are treated in the next section. 


«In ref. 2, Appendix E, similar estimates are made which are less than the ones quoted. 
However, it appears that a different “normalization factor” was used to convert from kt 
yield to megacurries of fission product activity at one hour, and this was combined with 
an inappropriate decay rate to convert from the time of observation to the reference time 
of 1 hour. Further, Tucked introduced a correction for the radioactive sodium from the 
ocean water which was activated by neutrons from the explosion, and which contributed 
to the observed radioactivity. 

5 Lulejian, N. M.: Radioactive Fallout from Atomic Bombs, Air Research and Develop- 
ment Command, C3-36417 (with supplement), November 1953 (Secret, R. D.). 

® Greenfield, S. M., W. W. Kellogg, F. J. Krieger, and R. R. Rapp: Transport and Early 
Deposition of Radioactive Debris from Atomic Explosions, Report of Project Aureole, Rand 
Corp., R-265-AEC, July 1954 (Secret, R. D.). See chapter 4. 

7 Cronkite, E. P., V. P. Bond, and C. L. Dunham: Some Effects of Ionizing Radiation 
on Human Beings, United States Atomic Energy Commission, July 1956, 
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Before proceeding further it might be well to mention something about what 
happens to these radioactive particles after they are on the ground. The largest 
particles involved may be a millimeter or more in diameter, but these con- 
stitute only a small fraction of the total debris. Both observation of the par- 
ticles, collected in many ways in the Pacific and in Nevada, and theoretical 
calculations of the way in which they must fall indicated that the majority 
of the particles taking part in the close-in fallout have diameters between about 
50 and 400 microns (1 micron is 10,000 cm.).2°”™". According to G. R. Hilst, 
of the Hanford Atomic Products Operation, particles of less and about 50 mi- 
crous diameter are difficult to erode by wind action because they tend to sift 
down and cling between the larger particles of the soil, and particles larger 
than about 500 microns diameter are difficult to erode because the wind cannot 
easily lift them. The particle size range in which radioactive fallout lies is 
the size which can be most easily lifted by the wind and redeposited somewhere 
else. Under high wind conditions this could further complicate the prediction 
of where the debris would go, 


COMPUTING FALLOUT PATTERNS 


Clearly, the direction that a particle takes on its way to the ground is de- 
termined by the wind. It is not the wind at one level alone which must be con- 
sidered, but the cumulative effect of all the winds between the ground and the 
initial altitude of the particle. There have been a number of mehods developed 
to make some sort of best guess about where the debris will be deposited, and 
these all have one element in common: The wind field from the ground up to the 
atomic cloud must be analyzed and integrated. 

In order to understand the matter of fallout computation, it is necessary 
to see what is involved in an integration of the wind field. Figure 1 shows, in 
schematic form, how such an integration can be done vectorially. Let it be as- 
sumed for the moment that a particle starting from 50,000 feet, for example, 
bas a constant rate of fall. In such a case it will spend the same amount of 
time in each layer of a given thickness, say 5,000 feet. The direction of its 
travel while in a given layer will be in the direction of the mean wind in that 
layer, and the distance it travels while in the layer will be proportional to the 
length of the corresponding wind vector. Then it falls down into the next layer 
and again travels with the mean wind in that layer. In order to determine the 
total distance and direction which this particle traveled on the way to the 
ground it is only necessary to add the successive wind vectors for each layer 
head to tail, and the resultant vector will represent the total travel. 

In practice, meteorologists have found it convenient to add the vectors start- 
ing from the ground and working upward, as shown in figure 1b. Now the in- 
tegrated wind, or total particle travel, from any given altitude can be imme- 
diately determined by drawing a vector from the origin to the head of the arrow 
corresponding to the correct altitude. In other words, a family of integrated 
winds can be produced in this way, and the direction and rate of travel of all 
particles can be estimated by inspection of the diagram. Recall that it was 
assumed here that the particles fell at a constant rate. This is not the case in 
actuality, and so the simple vector addition described here must be modified in 
the more sophisticated analyses of fallout. 

There have been four main approaches to the construction of a fallout analysis, 
depending on the amount of time available for the computation and the degree 
of completeness required. It should be emphasized that these various approaches 
do not compete with each other, since they are each tailored to answer a different 
set of questions about the fallout, and they differ greatly in the amount of labor 
required to carry them out. In order of increasing complexity, they are— 


8 Rainey, C. T., J. W. Neel, H. M. Mork, and Kermit H. Larson: Distribution and 
Characteristics of Fall-Out at Distances Greater than 10 Miles from Ground Zero, March 
and April 1953, U. C. L. A. School of Medicine, Operation Upshot-Knothole, Wr 811, 
February 1954 (Secret, R. D.). 

®* Heidt, W. B., Jr., E. A. Schuert, W. W. Perkins, and R. Stetson: Nature, Intensity, 
and Distribution of Fallout from Mike Shot, U. S. Naval Rediologieal Defense Lab., Oper- 
ation Ivy, WT-615, pavenees 1952 (Beret, R. D.) 

% Stetson, R. L., E. A. Schuert, W. irkinn “T. H. Shirasawa, and H. K. Chan: Dis- 
tribution and Intensity of Fallout, ue * Naval Radiological Defense Lab., Opertaion 
Castle, WT-915, pomayy 1 1956 (Secret, R. D.). 

1 Wilsey, E. F., R. J. French, and H. I. West, Jr.: Fale Studies, Army Chemical 
Center, Operation Castle, WT-916, February 1956 (Secret, R. D. 

















108 RADIOACTIVE FALLOUT AND ITS EFFECTS ON MAN 


45-40 40-35 


Origin point 
eat 50-45 


of porticle 
(50,000 ft altitude) 


End point of 
trajectory 











ol 5- Surfoce 
{5-10 "10-5 
(a) Actual particle trajectory 
a 
a 
ww 
a 
- 
2 
7 
a“ 
aye \ 
\ 70 
Ae pone! a” 
a t 65 ,- 
8 -7i0 sect s 
= 1S 60 / 
4 
55 / 
Integroted wind vector a 
to 50,000 ft 
Parag 17 
PR ate 
~ 


(b) Usual method of plotting and 
integrating the wind field 


Ficure 1.—Schematic representation of a wind field and the analysis of a falling 
particle’s trajectory. 


1. The danger sector.—An inspection of the integrated wind plot shown in 
figure 1b shows that all the particles starting in a vertical line over the origin 
would travel within the sector indicated by the dashed lines. This can be 
called the danger sector, since it is the sector within which the debris will fall, 
more or less, assuming a perfectly constant wind field. Certain refinements can 
be made to the simple sector presentation with little effort, such as delineation of 
the times at which the particles starting over ground zero will reach a given 
point on the ground; and the finite initial size of the atomic cloud can be taken 
into account graphically. This approach has been described in detail in several 
readily available reports.“““ Since it is quick and convenient, it is the method 
which has been recommended by the Weather Bureau, the Air Weather Service, 
and the FCDA for use in weather stations in an emergency. In order to further 
expedite the computation, the Weather Bureau has recently instituted the in- 
clusion of the integrated winds from each upper wind station in the routine 
teletype message. These go by the code name of “UF winds,” and are available 
from about 70 weather stations within the United States twice daily. Note, how- 
ever, that the danger sector method does not provide a way for telling the 
actual levels of activity and does not distinguish the parts of the sector which are 
more intensely contaminated, though there are some methods for roughly esti- 
mating where these will be. 

2. The idealized pattern.—Several of the earlier workers in the field of fallout 
noted the fact that the majority of the patterns (in Nevada) had a characteris- 
tic cigar shape.” It was therefore tempting to attempt to characterize fallout 
patterns in general in terms of a family of simple elliptical shapes, with a cireular 


122 Air Weather Service Manual 105-33, Radioactivity Fall-Out and Radex Plots, Has. 
Air Weather Service, June 2, 1952. 

13 Construction of Fallout Plots from Coded Messages Provided by the U. S, Weather 
Bureau,” Federal Civil Defense Administration, Battle Creek, Advisory Bulletin No. 188, 
May 25, 1955 (and supplements). 

4 Training Manual for Computing and Coding Civil Defense Fallout Winds, U. 8. 
Weather Bureau, Washington, April 1955. 

% Laurino, R. K., and I. G. Poppoif: Contamination Patterns at Operation Jangle, U. 8 
Naval Radiological Defense Laboratory, Rept. 399, April 1953 (Secret, R. D.). 
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section around ground zero. The Armed Ferces special weapons project 
(AFSWP) and others have, over a period of years, developed rather elaborate 
sets of scaling and shaping laws, designed to fit these idealized patterns to a 
wide range of yields and, to a limited extent, wind conditions. These methods 
are described in detail elsewhere. A recent report of the Air Force Special 
Weapons Center by Boyd and Baker has summarized and made comparisons of 
the various methods.” They all have the common characteristic that the only 
input required is the weapon yield (a surface burst is assumed) and some sort of 
an integrated wind, sometimes called the effective wind. For certain planning 
purposes these idealized fallout patterns are quite useful, since they give a good 
idea of the area covered by a given dose contour, and for a simple wind structure 
the orientation and shape may be quite representative. However, as our ex- 
perience with actual fallout patterns grows, it becomes clear that the simple wind 
structure required to lay down a symmetrical pattern like the idealized ones is 
not necessarily the expected one, particularly in the Tropics or in Nevada in sum- 
mer. Therefore, for prediction purposes such a method may be of little value; 
moreover, the way in which it is presented gives an erroneous impression of the 
accuracy of the plot, since the dose rate contours are actually specified. 

3. Analog method.—A very common technique in weather forecasting, one 
which all meteorologists use either subconsciously or consciously, is the use of 
analogs. Essentially, this means a sorting over of cases which have occurred 
in the past to find a situation analogous to the current situation, and presuming 
that the same processes will follow the same course again. There have not 
been enough surface bursts to build up a good file of analogs, but an artificial 
set can be calculated, using the sort of detailed caleulations to be described in 
the next section. Such a “catalog” of fallout patterns has already been produced 
by the Rand Corp.” To make use of this collection of analogs, the meteorologist 
must find a wind field in the catalog which by proper manipulation can be more 
or less matched to the current wind field, and he can then take advantage of 
the fact that the resulting fallout pattern has already been computed in great 
detail. If the yield does not match, then certain scaling laws can be applied 
to the analog to make it the correct size. Naturally, the same wind field never 
occurs exactly the same way twice, but the matching can be done quite success- 
fully over a wide range of conditions and yields. 

4. Fallout models.—In attempts to describe as closely as possible what actually 
happens in the fallout process, several agencies have developed techniques in 
which the particles in the initial atomic cloud are traced down to the ground, and 
in which their combined effect is then calculated for each point in the fallout 
field. The result is a polt of the expected dose rate at any given point for a 
given time. In order to perform such an elaborate computation the following 
factors must all be considered : 

Wind field—in some of the computations it is not only possible to consider 
the variation with height, but the variation with time and space. Under 
certain conditions, as will be shown, such variations are quite important. 

Initial distribution of particles in space—although the size and shape of 
the atomic cloud can be observed photographically, the distribution of the 
radioactivity inside the cloud is not well known. Assumptions about this 
vary from model to model. 

Size distribution of the particles—since the larger particles will in general 
fall faster than the smaller ones, it is necessary to specify how much of 
the total radioactivity is associated with each range of particle size. Fur- 
thermore, the size distribution probably differs in different parts of the cloud, 
a feature which some of the models attempt to take into account. 

Rate of fall—the rate of fall of a particle depends on its size, density, and 
shape. Thus, the rates of fall of a given size particle at each altitude must 
be specified in each model. 

Turbulent diffusion—in at least one of the models which has been tried 
the spread of the trajectories due to random turbulence has been taken into 


1% Capabilities of Atomic Weapons, Armed Forces Special Weapons Project, TM 23—200/ 
OPNAV Instruction 003400. IA/AFL 136-4/NAVMC 1104, Washington, 1955 (Secret, 
R.D.). (See sec. 13.) 

"Boyd, R. E., and D. Baker: Comparison of Methods Used in Scaling Residual Con- 
tamination Pattern Resulting from Surface Detonations of Nuclear Weapons, Has., Air 
rs Special Weapons Center, Kirtland AFB, AFSWC-TN-56-1, April 1956 (Secret, 


8S. M, Greenfield, R. R. Rapp, and P. A. Walters: A Catalog of Falleut Patterns, 
Rand Corp., Kept. RM-1676, April 1956. 
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account. However, most of the models choose to neglect this effect, since 
it does not appear to be very important for the early deposition. 

Each of the computational models must specify all of the above factors, and 
there have been some rather large differences between the assumptions, due to 
our lack of very definite information about the true facts of the matter. In 
addition, different computational techniques are used to analze the model, some 
using high speed digital computers, some using special electronic or optical 
analog computers, and some using a graphical “hand” computation. 

In January 1955, the Armed Forces Special Weapons Project (AFSWP) 
organized a symposium on radioactive fallout, and all the various agencies which 
had studies the question of fallout were invited to apply their respective fallout 
models to two specified sets of wind conditions, known as condition A and con. 
dition B. The results, as published in the AFSWP report on the symposium “ 
are shown in figures 2 and 3. The winds ana are tabulated in table 1 and table 
2. For details of the actual computational schemes used, one should refer to the 
fallout symposium report” or to the reports of the various agencies, some of 
which have become unclassified. 
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Ficure 2.—AFSWP comparison of fallout computations (Ref. 18). Cases for 


“Condition A,” 1 megaton yield, showing contours for 1,500 r dose accumulated 
by 48 hours. 


TABLE 1.—Condition A—Wintertime situation of an abrupt, approrimately 90°, 
shear at a height of approrimately 40,000 feet 


[Dodge City, Kans,—37°46’ N. 99°58’ W.—1500 Greenwich meantime— Dec. 28, 1953—Elevation: 2,625 feet) 
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% Fallout Symposium, Armed Forces Special Weapons Project Report 895, January 
1955 (secret, R. D.). 
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TABLE 2.—Condition B—Gradual shear of approvimately 90° 
(Washington, D. ©. (Siver Hill)—38°50’ N., 76°57’W.—0300 Grenwich mean time—Sept. 28, 1952—Eleva- 
tion: 289 feet] 
Height (feet, mean Wind Wind speed Height (feet, mean Wind Wind speed 
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The significant thing to note is the discouragingly poor agreement between 

‘ the various results. It is possible that some of the agencies have modified their 
90", models in the past 2 years, and that there would be better agreement if the 
exercise were repeated now, but it is highly unlikely that the agreement would 


feet] be anywhere nearly exact. It would seem that we simply do not know enough 
aia yet about the process of fallout to be able to reconstruct a fallout model (no 
ail matter how sophisticated in conception) on which everyone would agree. 
8) 


PREDICTION AND RECONSTRUCTION OF FALLOUT PATTERNS 


As stated in the previous section, there have been a szumber of methods de- 
veleped for the computation of fallout patterns. Naturally, these were devel- 
oped with the observed fallout from a handful of surface and tower bursts in 
hand, and all claim (to a greater or lesser degree) to give results which agree 
with reality. 

The real question of agreement with reality is, however, obscured by the fact 
that reality is hard to define, even in retrospect, when all the facts are collected. 
First, the wind field is poorly observed, and the variations in the wind field 
with time and space are difficult to take into account in reconstructing what 
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happened. The meteorological literature has a number of studies of this var, 
ability and of the uncertainties in observation,”““ A good rule of thumb, de 
rived from experience with the tracking of constant-level balloons, is that, over 
a good upper air network of the sort which covers the United States, the path 
of a particle cannot be determined from an analysis of the wind field to better 
than 20 percent of the length of the trajectory. Thus, after going 100 miles, the 
uncertainty in the position of a drifting particle is about 20 miles, even when 
we have all the upper-air data which we can lay our hands on. 

Furthermore, the fallout itself is poorly observed, due to the great distances 
that have to be covered, the irregularities of the terrain (in Nevada) or the un. 
certainty of where it went after landing in the ocean (in the Pacific). Thus, 
even if our computation were, in principle, a perfect one, we would still not 
have a clear picture against which to compare it. 

When the meteorologist is faced with the problem of predicting a fallout pat- 
tern, the uncertainties of a wind prediction are added to the uncertainties ip 
the computational model. The longer the time lag between prediction and the 
event, the greater will be the uncertainties.“ For times of up to 12 hours, it 
appears that persistence is about as good as a forecast, and after about 2 to 
8 days a forecast is not much better than a climatological mean. 

Without belaboring this point, it should suffice to show two interesting ex. 
amples of predicted and reconstructed fallout patterns. One is from a burst of 
roughly 30 kilotons on a tower in Nevada, the Open or Civil Defense shot of May 
5, 1955. The patterns shown in figures 4 and 5 were prepared by Kenneth Nagler, 
of the United States Weather Bureau, and show the patterns which were pre. 
dicted 2 hours before shot time by 2 methods of models. The two models, one of 
the Weather Bureau and the other of the Los Alames Scientific Laboratory and 
the University of California Radiation Laboratory, were used. The first involved 
a hand computation by an elaborate graphical analysis, the other involved a high 
speed digital computer (IBM-—701). There were some differences in the two 
models, but these were not basic ones—that is, they both used the general ap 
proach described in the previous section. It will be noted that both methods 
predicted patterns extending due north from the shot point, following the direc. 
tion of the H-2 hour predicted wind. The observed pattern, shown in figure 6, 
was reconstructed from the available road monitoring and from a few aircraft 
measurements by Nagler. The fallout started out northward, and then curved 
to the eastward, reflecting a gradual shift in the wind direction from south to 
west that took place in the hours following the shot. Also shown in figure 6 is an 
attempt to reconstruct the pattern, using the Weather Bureau's model and taking 
into account the change of wind with time and space. The result agrees with 
the obesrved pattern better, but still not perfectly. 

Another example of a fallout pattern which changed its direction during the 
later stages of the fallout is the March 1, 1954, Castle shot on the Bikini atoll, 
referred to earlier. In this case, the fallout apparently started out in a direction 
east-northeast, but a continued veering of the wind caused it to curve more to the 
east and east-southeast, until one side of it lay across some neighboring atolls. 
A study of this event by Rand in which the fallout was computed with the 
shot-time wind alone, and then again with the variable (true) wind, shows 
clearly how the pattern must have curved as it progressed.* 

It is interesting to note that both of these examples demonstrate the effect 
of the changing wind with time, an effect which is often very hard for the 
meterologist to specify. A study of the statistics of this change of wind with 
time has been made by Frank Cuff, department of meteorology, University of 
Utah.” Referring to the integrated wind (see above) from the ground up to 
various altitudes in Nevada, he found the mean absolute bearing changes shown 


in table 3. 


® Neiburger, N., L. Sherman, W. W. Kellogg, and A. F. Gustafson: On the Computation 
of Wind from Pressure Data, Jour. Met., vol. 5, No. 3, pp. 87-92, 1948. 

21 Rapp, R. R.: The Effect of Variability and Instrumental Error on Measurements in 
the Free Atmosphere, New York University Meteorological Papers, vol. 2, No. 1, June 1952. 

22 Kochanski, A. B.: Wind, Temperature, and Their Variabilities to 120,000 Feet, Alt 
Weather Service Technical Report, 105 -142, May 1956. 

2 Elisaesser, H. W.: Errors in Upper-Level Wind Forecasts, Air Weather Service 
Technical Report, 105-140/1, December 1956. 

% Greenfield, S. M., and R. R. Rapp: Fallout Computations and Castle-Brayo—A Case 
Study, Rand Corp., RM-1855, January 1957 (secret, R. D.). 

Cuff, R. D.: A Study of the Time Variability of Integrated Winds Near Las Vegas, 
Nevada, thesis for M. S. Degree, Dept. of Meteorology, Univ. of Utah, March 1957, 


Fi 





RADIOACTIVE FALLOUT AND ITS EFFECTS ON MAN 113 





Vari. 
, de- 
Over 


etter 
) the 
when 


. 
seeeeeeeeecccsceeeee®” 


incey 
e un- 
‘hus, 
| not 


pat- 
Ps in 
l the 
rs, it 
2 to 


y eX: 
st of 
May 
igler, 
pre- 
ne of 
’ and 
Ilved as | 
high @ Ground zero 
two 
1 ap 
hods 
lirec- 
re 6, 
craft 
irved 
th to 
is an 
king 
with 





Ficurs 4.—The observed fallout distribution (dashed lines) and the pattern com- 
puted by the Weather Bureau using winds predicted at H-2 hours. May 5, 
1955. 
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Case Figure 5.—The observed fallout distribution (dashed lines) and the pattern com- 
regas, puted by LASL-UCRL using winds predicted at H-2 hours, May 5, 1955. 
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Ficure 6.—The observed fallout distribution (dashed lines) and the pattern re 
constructed by the Weather Bureau using a hand computation with time and 
space variation of winds (solid lines), May 5, 1955. 


TABLE 3.—Mean absolute bearing change of integrated winds 
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It will be noted that the bigger the thickness of the atmosphere considered in 
forming the integrated wind the smaller is the shift of the wind. This probably 
reflects the fact that wind shifts at one level may sometimes be partially can- 
celed by opposite wind changes at another altitude. Another lesson to be learned 
from this study is that the statistics of the wind at one level cannot be relied 
upon to give reliable information about the statistics of the integrated wind, 
which must combine the effects at any levels. 

A recent study of the predictability of fallout for the Nevada test site has been 
made by Jack Reed of the Sandia Corp.” Here the variability of the wind, the 
forecasting accuracy, the length of the forecast period, ete., are all considered 
in order to given an estimate of the degree of confidence with which the fallout 
can be put into an uninhabited “safe sector.” This approach to the problem is 
one which should be taken more often in meteorology, since it demonstrates that 
any weather forecast should have a prabability assigned to it—a probability 
which is always less than one, 


THE DYNAMICS OF FALLOUT 


So far a great deal has been said about the final fallout pattern and how it is 
computed. A very important feature of the pattern from a practical standpoint 


2% Reed, J. W.: Estimating Safety Probabilities From Fallout Forecasts for Nevada 
Test Site, Sandi Corp. report SC-4073 (TR), February 1957, 
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js the time at which the fallout reaches various parts of the pattern. Clearly, 
the fallout cannot all occur at once, since it takes some time for the particles 
to reach the ground, and while they are falling they are carried with the wind. 
Thus, the fallout around ground zero starts very quickly, whereas the fallout 
miles away may not start for hours. (For example, the island of Rongelap did 
pot receive its fallout until some 4 to 6 hours after shot time.’ ) 

Recall that, for a surface burst of more than a few kilotons yield, most of 
the radioactive debris is in the mushroom cloud. When the yield is several 
megatons, this mushroom cloud rises into the stratosphere,’ and so even the 
relatively infrequent larger particles, of 1,000 microns diameter and over, take 
from 30 to 40 minutes to fall back to the ground. It appears that there are some 
few radioactive particles which escape from the mushroom while it is rising and 
are left behind in the stem cloud, and these will, of course, find their way to the 
ground sooner, in the downwind direction. 

In order to demonstrate the time of arrival of radioactivity at points relatively 
close to ground zero, the Naval Radiological Defense Laboratory *” and the 
Army Chemical Corps” have designed equipment which records the fallout as 
a function of time. Though their respective instruments were designed inde- 
pendently, they both work on essentially the same principle: A small tray or 
container is uncovered for a certain period of time (say, 5 minutes), then covered 
again. Automatically the next sampler is uncovered for its sampling period, 
and soon. It should be mentioned that both sets of instruments remained closed 
for the first minute after shot time, to allow the shock wave to pass the sampling 
station. 

A large number of such fallout versus time measurements were made at the 
time of the Castle shot 1, and a few had been made earlier at the Ivy Mike test 
by NRDL. When all the results using 5-minute sampling times (20 cases) are 
plotted up one is impressed, first of all, at the erratic nature of the results. This 
is probably due to the fact that the samples are made with small areas and small 
time intervals, and therefore do not give results which are entirely representa- 
tive of the fallout at that location.” 

The next thing which one notices about the results is that the majority of them 
show no fallout for the first 30 minutes; the average time of arrival for all sta- 
tions which received any fallout was 28 minutes. These stations were located 
at distances from ground zero ranging from 8 to 30 miles. In visualizing these 
distances, recall that the Ivy Mike cloud had a radius of about 5 minutes of 10 
miles, and at 10 minutes it was nearly twice this. For the Castle shot 1 the radius 
at 10 minutes was about 30 miles, and still growing. Thus, all the stations rep- 
resented were literally in the shadow of the great mushroom cloud—though none 
were in the initial part of the stem. 

The few stations which did apparently receive fallout earlier may have had 
something wrong with their mechanism (as would appear to be the case where 
two nearby stations give completely opposite results), or they were in a direction 
from ground zero which allowed them to be dusted by the material from the 
crater area which was born by the low level winds. This latter explanation ap- 
pears to be reasonable, since we know that a certain small fraction of the radio- 
activity produced does reside in the stem cloud at relatively low altitudes. 

It is therefore tempting to visualize the fallout as a slowly descending blanket, 
with a diameter roughly the diameter of the mushroom cloud. The blanket starts 
its fall as soon as the atomic cloud stabilizes (about 4 to 6 minutes after burst 
time) and touches the ground over a large area simultaneously. While this 
mushroom material undoubtedly represents the major fallout, some material from 
the stem may reach the ground sooner, and the direction of this immediate fall- 
out from the stem would be determined by the mean wind in the lower levels, 
below, say, 20,000 feet. 

Following this early arrival of the radioactive debris the fallout pattern is laid 
out in a more or less orderly way and spreads in the direction of the integrated 
winds. To illustrate how the pattern grows with time, figures 7 and 8 show the 
growth of a hypothetical 1 megaton pattern under 2 very different wind condi- 
tions. One shows how it grows under a condition where the winds are moder- 
ately strong and all in the same general direction. The other shows how one 
grows under a low wind condition. In the first case the debris is spread rapidly 
ina ribbon across the country. In the second case the debris continues to fall in 
the vicinity of ground zero for many hours. Neither of these wind conditions is 


particularly unusual, and there are naturally an infinte number of possible inter- 
mediate cases, 





" See ref. 10. 
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Fieure 8.—Calculated fallout from a1 MT surface burst with a two-thirds fission 
yield under a “low wind” condition. Winds are those for Atlanta on June 15, 
1954, 

FALLOUT FROM A BOMBING CAMPAIGN 


No discussion of fallout would be complete without some discussion of the re- 
sults of a bombing campaign, in which many bombs are set off against a target 
system with a large number of widely dispersed aiming points. Such a target sys- 
tem might be, for example, the industrial complex of the United States, or its 
system of airbases, providing targets which are located in a more or less random 
manner over the entire eountry. 

The natural laws governing the fallout from such a campaign are the same as 
those governing the fallout from one burst. The difference lies in the fact that 
now the fallout patterns overlap in places and reinforce each other. Further- 
more, where the ground zeros are fairly close to each other the fallout is more 
or less independent of the wind direction, since it makes little or no difference 
which bomb causes fallout on a given spot—such an area is “blanketed.” 

A number of studies have been made of such campaigns,™” and a technique 
has been developed by Greenfield for estimating on a probabalistic basis the 
results of fallout from multiple-bombs dropped randomly in a large area.” One 
such study, in which the hypothetical fallout was computed for an attack on 
the United States under a rather typical meteorological situation, was performed 
by Charles K. Shafer, headquarters, Federal Civil Defense Administration, 
Battle Creek. It was done in connection with the FCDA’s Operation Sentinel. 


June 15, 1954. 


8 Davidson, H. D., J. B. Green, J. B. Phelps, C. D. Stolzenhach: Fallout as a Threat 
from Attack by Manned Bombers, Operations Research Office, Johns Hopkins University, 
ORO-R-17, appendix C, September 1956 (secret). 

* Rapp, R. R.: Fallout Computations for Operational Studies, Rand Corp., RM-1753, 
July 1956 (secret, R. D.). 

Greenfield, §. M.: Radioactive Contamination from a Multibomb Campaign, Rand 
Corp., RM-1607, January 1956 (secret, R. D.). 
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Though this represents just one particular combination of events, it is instructive 
to see what would have happened under this hypothetical attack, according to 
Shafer. 

In this exercise about 250 nuclear (or thermonuclear) weapons with “damage 
zones” ranging from 3 to 5 miles were dropped on cities, industrial targets, and 
airfields through the United States. The combined fallout pattern from all thege 
bombs is shown in figure 9. The details are contained in an unpublished report 
by the FCDA, and the following are some of the general conclusions which were 
drawn with regard to the effect of such an attack on the United States population; 


pee ee 
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These numbers are based on 1950 population figures. Those dead on the first 
day were presumably killed by the immediate effects of the bombs, i. e., mostly 
blast and thermal effects. The subsequent rise in fatalities reflects the delayed 
effects of radiation damage, coupled in many cases to external injuries. While 
one should not take these actual numbers too literally, their orders of magnitude 
and the trends shown here are fairly realistic. In particular, the indication 
that fallout might account for a large number of deaths—nearly as many died 
by the immediate effects—is pertinent. In actuality, many of the “uninjured” 
ones would be caught by the fallout as they tried to move about. Clearly, how- 
ever, such figures can only be illustrative, since the behavior patterns of the 
population would have a tremendous effect on the casualties due to radiation, 
While the meterorologist can predict to some extent the fallout patterns, he can 
hardly be expected to predict whether or not the population will be trained and 
provided with adequate shelters before such an attack. 

Dr. Ketioce. I am with the Rand Corp. at Santa Monica, Calif, 
at the present time. Iam head of what we call the geophysics group, 
The geophysics group is composed to a large extent of meteorologists 
and atmospheric physicists, and we have been interested in studying 
the subject of radioactive fallout for a number of years. 

I feel somewhat inadequate for the job of presenting all the mate- 
rial which I want to present today, partly because it is a complicated 
question, and partly because I feel that there is still some difference of 
opinion among meterologists on the details of this question of close- 
in fallout. I hope that I can not only reflect sort of a consensus 
of opinion, and my own opinion, but also indicate where we feel that 
we need to have more information on the subject of close-in fallout. 

sefore I start, I would like to make three rather general statements 
which in a sense are threads of the whole thing which I am presenting. 

The first is one which I think you have already sensed from the 
testimony of Dr. Graves, to the effect that radioactive fallout is a 
major effect from an atomic explosion. I therefore feel that we 
should make all the pertinent facts available to the public and to the 
military on this question because one can’t consider an atomic ex- 
plosion and its effects without considering radioactive fallout. 

The second point I would like to make very briefly is this. 

Chairman Duruam. May IL ask a question at that point? Has your 
company been doing this all the time—making the information avail- 
able to the public and also to the military ¢ 

Dr. Krr1oce. We have tried to very hard. In the January issue of 
the Journal of Meterology, for example, the work on close-in fallout 








a 
oS 


| sssz]*° 


your 
vail- 


ie of 
llout 


RADIOACTIVE FALLOUT AND ITS EFFECTS ON MAN 








119 


Ficure 9.—Fallout condition computed by the FCDA for Operation Sentinel. 
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which our group has done was summarized. It is an article which 
appeared in what you might call the official United States mete- 
orological journal by Dr. Rapp and Mr. Greenfield and myself. There 
have been other outputs from our group that have to do with other 
facets of fallout which we have published as fast as we could get them 
into the open. We have made an effort in this direction. 

The second point I was going to make has to do with feeling that 
I think every meteorologist would share with me, that we are often 
charged with an impossible job of predicting exactly how the atmos- 
phere will behave over a long period of time in the future. I think 
one of the points to be made is that there is always an element of 
uncertainty in a meteorological forecast. This should be kept in 
mind when we speak of the prediction of fallout patterns. 

The third point that I think should be made in connection with 
close-in fallout is that when we speak of close-in fallout, as Dr. Graves 
pointed out, we must try to figure out how much of this material does 
come down in close-in fallout, because this determines what is left over 
to go worldwide. So I will spend a little bit of time defining what 
we know about the fraction which falls out close in, because this 
will have bearing on the worldwide problem, too. 

Representative Horirrerp. Your company has made a study of this 
under a contract with the AEC or with the Defense Department? 

Dr. Ketxoae. In 1953, our company accepted a contract with the 
AEC to study various aspects of fallout. This ran for 3 years, I 
believe it was 3 or 314 years. We no longer operate under this contract. 
Our work is now primarily for the Air Force. Under our prime 
contract with the Air Force, we are continuing our work on this 
matter. 

Representative Horrrrerp. Your reports have been made to the 
Atomic Energy Commission for the 3 years, and you are now making 
reports to the Air Force; is that right? 

Dr. Kernioce. That is correct; yes. Most of our work is now for 
the Air Force, but we maintain close liaison with the AEC in our 
work, 

tepresentative Horimrerp. Are you under any directions in regard 
to security in testifying before us today on this matter? 

Dr. Kritxoce. No. I am happy to say that although I wrote the 
testimony which is here, and submitted it to both AEC and the 
Department of Defense, it has been cleared, Essentially everything I 
wanted tosay they have allowed me to say. 

Representative Hoxtrietp. Does your testimony bring up to date 
your findings ? 

Dr. Ketxoce. Yes. 

Representative Horrrretp. You may proceed. 

Dr. Ketoce. Dr. Graves pointed out that there is a big difference 
between an air burst and a surface burst and the fraction that falls 
out. Since he has covered this so ably, I will not go over this in detail. 
You understand about this business of the surface material being 
mixed in the fireball when the detonation is on the surface. 

In the case of a tower shot, which is sort of an in-between case, the 
fraction which comes down is variable, in the complete report, in 
order to demonstrate how variable this is, I have taken some numbers 
which were given to me by Mr. Nagler, of the Weather Bureau, who 
has made a very careful analysis of the fraction which fell out from 
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five detonations, all of about the same yield. All had about 15 kilo- 
tons yield, and all were on the same height of tower. 

The interesting thing was that they varied over a rather wide range 
in the fraction which came down. This, I think, is probably due to 
the fact that the meterological conditions and the way in which the 
tower was made, the amount of material around the test device, and 
so forth, all varied. 

Representative Hortrietp. Do you mean by that that the fallout was 
uneven and in some places there was a heavier dose than others? 

Dr. Ketxoce. This is true, of course. It is not just laid down uni- 
formly. The thing which I was speaking of at the moment was the 
total fraction which comes down in the first 24 hours in the part of 
the country which is carefully monitored so we can keep track of it, 
in other words. 

Representative Hotrrietp. There was a great variation in the read- 
ing of your instruments ? 

Dr. Kettoce. When all the information from all the instruments 
was in and analyzed, and the Weather Bureau or the Health and 
Safety Division was able to analyze this, they were able, as it were, 
to count up all the radioactivity over the entire area, and get a total 
budget. They knew how much went into the atmospheie. They were 
able to see how much came down. They could say that this was some 
fraction of the amount produced. 

Representative Hortrrecp. But that was in the nature of a fraction 
o. the total fallout, and it was not a measurement of the degree of 
the dose in that area, or was it both ? 

Dr. Kettoae. It was both. In order to determine the fraction which 
fell out, the thing which is measured is the dose. 

Representative Hottrrenp. What was your variance between the 
high dose and the low dose ? 

Ir. Kettoce. Later on I can show you a chart—I am glad I cama 
ae with a chart—showing an example of just how it does vary 
in the test area. 

Representative VAN Zanpt. Doctor, we have been talking about the 
fallout coming down and going up. For a kiloton yield, how many 
pounds of radioactive debris does it lift into the stratosphere ? 

. Dr. Ketxioca. I don’t know the number. You mean for a surface 
urst. 

Representative VAN Zanpt. Yes; fora surface burst. 

Dr. Ketxoce. I don’t know exactly. I think Dr. Graves mentioned 
something about a ton per kiloton or something like that. 

Representative Van Zanpt. Dr. Graves said the figure he used 
would be debatable. The reason I ask the question is that Dr. Libby 
some months ago made a statement in which he said that for every 
20,000 tons of TNT yield 2 pounds of radioactive fallout is lifted into 
the heavens. Then he went on to explain that within a matter of 
weeks most of it will have fallen out. Then he talked about the mega- 
ton yield, and how it was lifted into the stratosphere, and that it may 
remain there from a few seconds to 10 years. Would you concur in 
such a statement ? 

Dr. Ketioce. These numbers, I think, are a little confusing, about 
the 214 pounds per kiloton. I don’t know what he was referring to 
Perhaps he meant radioactive debris. 

Representative Van Zanpr. That is correct. 
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Dr. Ketroae. The important thing seems to be that the fraction of 
the total debris which is produced does not depend on the yield as much 
as it depends on the height of the burst. What I mean to say is this. 
We have a case in Nevada of a surface shot for which we could measure 
the dose around the countryside and make an estimate of the fraction 
of that low-yield device in Nevada which came down. The various esti- 
mates are produced here. It looked as though something like 80 or 85 
percent of the material from that low-yield surface burst came down 
somewhere in the first 24 hours. Then in the Pacific, although it has 
been very hard until recently to estimate what this fraction was, dur- 
ing the last test a system for monitoring the oceans has been developed 
and by an analysis of this ocean monitoring again we are able to make 
a rough estimate of the fraction which comes down in 24 hours. 

Again, although the estimates vary, a good estimate seems to be 
around 80 or 85 percent for surface bursts. This is over a very wide 
range of yields. 

Representative Corr. When you speak of a surface burst, do you 
include a tower test ? 

Dr. Ketroca. No; I do not. A tower seems to produce less fallout 
fractionwise. An air burst produces virtually no close-in fallout. 
Mind you, my subject i is close-in fallout, so I will stick to this amount 
that comes down in the first 24 hours. 

tepresentative Hortrrenp. You may proceed. 

Dr. Kerroce. The meteorologists who are concerned with a study 
of fallout are naturally interested i in how to keep track of the debris, 
I don’t propose to give a lesson on how to compute fallout patterns. 
I think, thongh, that it would be constructive for the committee to 
know that these are four main schools of thought on how to predict 
or reconstruct fallout patterns. 

The four main schools of thought—and I will show a chart in just 
a moment—all require one input, and that is the wind information. In 
order to tell the direction the fallout goes, the wind must be observed, 
and if it is a prediction, the wind must be predicted. This is an essen- 
tial ingredient to any fallout calculation, obviously. In actually 
doing this, the wind all the way up from the ground to the height of 
the atomic Cloud has to be taken into account, since the particles 
start up high when the cloud stabilizes, and start to fall, and they 
spend a certain length of time in each layer as they wall. So the dist- 
ance which they travel on their way to the ground will, of course, be 
the cumulative effect. We refer to this cumulative effect in terms of 
the integrated wind, as we measure it. 

This integrated wind, or cumulative wind, up to some altitude is so 
essential to a fallout calculation that the Weather Bureau, at the 
request of the FCDA, has recently gone to a system of teletype mes- 
sages twice a day from about 70 stations in which a kind of integrated 
wind appears in the regular wind transmission. ‘This is to make the 
integrated wind immediately available in any Weather Bureau sta- 
tion in the country. 

Representative Core. Would you explain what you mean by inte- 
grated wind? I do not understand. 

Dr. Kerroaa. Yes. I If I can take just a moment, I can draw a pic- 
ture. Dr. Graves mentioned that we have all been teachers at one time 
or another, and we reach for a blackboard whenever we can. 
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The use of the word “integrated” is perhaps a little too fancy. It 
really means we are just adding winds together to get some sort of 
resultant wind. 

If we can represent the wind at any one level by a vector, a particle 
traveling through this layer will travel in the direction of the vector, 
and it will go a distance proportional to the length of the vector. If it 
travels through this layer and falls down into the next layer, it will 
find itself then traveling with the wind at that layer. So it will start 
curving and follow that new path. Perhaps the wind at the next 
layer down will be different again. After we have added the winds 
at a number of layers together, we might have a curving path some- 
thing like that, representing the horizontal projection of the particle’s 
trajectory. We have added vectors, and we have gotten the resultant 
as the particles travel through a number of layers and finally reach 
the ground. This is what we would call the integrated wind, or the 
effective wind, the path which the particle finally took. 

Representative Cote. Does that mean the mean of the wind in- 
fluences ¢ 

Dr. Ketxoce. This is the total effect of the wind on the particle as 
it fell from the place it started to the ground. You might think of it 
as the “mean.” I think that it would be fair to call it the mean effect. 

This is an essential ingredient to any fallout calculation. I have a 
chart here which will show the four main schools of thought for com- 
puting fallout that I mentioned. Very briefly I will go over these 
various schools of thought. 

Here I have sketched in a little vector addition such as I have on 
the board. This is the kind of thing which is very easy to compute. 
In general, no matter where the particles came from in the atmosphere, 
one of the integrated winds will be a line connecting the origin of the 
vector plot with the end of one of these vectors. Just by inspection of 
this little diagram you can see that no matter where the particle started 
from, it has got to be in this sector between the dashed lines. So this 
is just the simplest kind of fallout calculation. It merely says there 
is a “danger sector,” and somewhere in there there will be fallout. 

Chairman Durnam. You are talking to what height? 

Dr. Kerxioce. Our usual radiosonde wind flights xo to 60 to 80 
thousand feet, and with a big effort they can be made to go higher. 
This is usually high enough to establish where the danger sector will be. 
If very large yields were to be involved one might be interested in 
winds still higher than our usual radiosondes can go. 

The next school of thought, if I can refer to it as that, is known as 
the “idealized pattern.” I have not seen the new book which AFSWP 
has prepared, which you have in your hand. AFSWP has been one 
of the chief exponents of the idealized pattern. Essentially it started 
with the observation in the early days of fallout that fallout patterns 
often look sort of cigar-shaped, and it was tempting to try to character- 
ize all fallout patterns as a simple elliptical shape with a circle around 
ground zero. Then various rules were established for shaping them, 
making them fatter or skinnier or longer or shorter, depending on the 
yield or the wind. 

The idealized pattern is a very useful method where one wants to 
characterize fallout for planning purposes. But it has not found much 
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acceptance where one is interested in a prediction, because the pre- 
dicted patterns are apt to be more unideal. 

Representative Cote. Ideal from what standpoint ? 

in Ketioce. They can be characterized by a simple ellipse like 
this. 

Representative Corr. I still don’t understand what is intended to 
be the ideal. 

Dr. Ketioce. Idealized in the mathematical sense, I guess, in that 
you can characterize it in a sort of perfect shape. 

Another method for predicting fallout patterns and one which 
appeals to meteorologists—because every meteorologist when he makes 
a forecast of weather looks at the present weather pattern and searches 
his mind (or his files if he is well organized) to try to find somethin 
like it in the past, and then he will say to himself: “What hegeiined 
in the past will probably happen again, so I will use this back pattern 
or analog as a prediction tool. I will simply see what happened the 
day following that previous case which was like the case today.” 

An analog method could be used for predicting fallout if we had 
a big collection of fallout patterns, and the winds that went with them, 
and then we would just match winds and scales taking into account 
the yield and we would be able to have a fallout prediction. How- 
ever, we have not had very many actual fallout patterns to look at. 
So we really have not been able to build up a real file of analogs. The 
only file of analogs that we can draw on is one which is computed 
theoretically. Asa matter of fact, the Rand Corp. has published, un- 
classified, something which we call “the catalog of fallout patterns,” 
on the basis of which one can begin to use an analog method for pre- 
diction. 

The most complete characterization of fallout is usually started 
with what is known as a “fallout model.” A few agencies have taken 
the bull by the horns and have set up very complicated computing 
schemes for tracing each particle down to the ground from each level, 
each particle size, and adding up the effects on the ground. Of course, 
no one computing scheme could actually trace each particle, but there 
are shortcuts, and various agencies have developed practical comput- 
ing schemes based on some kind of a fallout model, which reproduces 
the fallout as accurately as it can be done by theoretical methods, 

Representative Hortrterp. Let me ask you this question, There are 
a number of these patterns in the AFSWP book. 

Dr. Krtxioce. Idealized patterns. 

Representative Hotirrecp. There is an idealized pattern here. 
There are different kinds of patterns in here. I notice that in 1954 
high yield explosion at Bikini that it gives a long pear shaped pattern. 
It starts out with a 5,000 roentgen yield and it goes at the end of 60 
miles to 3,000, and at a little over 100 miles it is 2,000 roentgens, at 130 
miles it is 1,000 and at 160 miles it is 500. That is at 36 hours. 

Dr. Ketioce. Mr. Chairman, these are probably cumulative doses, 
aren't they ? 

Representative Horirrerp. Yes, over the 36 hours. I was going to 
ask you about that. Dr. Graves spoke today about receiving 200 
roentgens. As I remember the description of that accident, it was 
just for a moment. The question I want to ask you is this: Would 
200 roentgens received in an instant be equivalent to 200 roentgens 
received over a longer period ? 
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Dr. Ketroaa. This is a biological question. I prefer not to answer 
this in any detail. My biologist friends tell me that there is a certain 
amount of leeway there in the time in which one could accept it. If 
you get it within a relatively short time like a few hours, it is equivalent 
to getting it all at once. This is something which I think the biologists 
should comment on. 

Representative Horirrerp. Very well. 

Dr. Ketxoce. In order to give you a feel of what actually happens 
under fallout conditions, I have three charts which I can go through 
very quickly. They were prepared following the open or civil defense 
shot on May 5. This is a chart which was prepared by Mr. Nagler, 
who has made a detailed study of the fallout from a number of the 
tests in Nevada. 

This first chart (p. 114) shows the fallout from the May 5, 1955, civil 
defense or open shot, which was roughly 30 kilotons on a tower. ‘This 
is a map showing a few of the landmarks, Goldfield, Tonopah, Warm 
Springs, and so forth. You notice the scale of miles here, 60 miles as 
the total scale. In red is the observed fallout as deduced from an ex- 
tensive system of road monitoring and from a few aircraft observa- 
tions in that area. You see it goes out several hundred miles. 

This little red line here is 100 milliroentgens per hour at 12 hours, 
The next red line is 10 milliroentgens per hour at 12 hours, and the out- 
side one is 1 milliroentgen per hour at 12 hours. These blue lines here 
were a noble attempt to reconstruct the fallout taking into account all 
the wind observations at the time, and a careful synoptic analysis of 
the fallout. Here you can see the blue and red lines following fairly 
close to each other, the 10 and 10 and the 100 and 100. You can see the 
close-in fallout was reproduced quite well. In fact, the general curva- 
ture of the pattern toward the east was reproduced very well. It is im- 
portant to note the curvature toward the east, because this is the kind 
of thing I was talking about when I said that a meterological forecast 
isa tough thing. 

Representative Corr. Before you take the chart down, does the blue 
ee the forecast of the weather people with respect to the 
win 

Dr. Kretioca. No. This is a reconstruction. The next chart (p. 
113) shows a forecast. 

Representative Van Zanprt. Did this fallout move as a mass and 
did it continue to move as a mass, or did it break up eventually ? 

Dr. Ketxoge. In this case it continued to move as a mass. In other 
words, it started falling here close to ground zero first, and then it 
was laid down in a fan shape curving to the east. It occurred earlier 
close in and later and later as you go along in the pattern. Heavy par- 
ticles were landing close in, and lighter particles which drift longer 
landed further out. 

This next chart (p. 113) is a prediction. This is the Weather Bu- 
reau’s prediction, using the winds predicted at 2 hours before shot 
time. J think this is the kind of thing that one would expect. Very 
good verification in close. After all, this is where it is important. 
But then it was pretty hard apparently, in this case to predict the 
later shift, which must have occurred as much as 12 hours later, 

Representative Cots. Is your scale the same in this chart ? 

Dr. Ketxoae. Yes. The scale is exactly the same. It is the same 
map. The red lines are exactly tracing the red lines you saw before. 
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Just to show the Weather Bureau is not the only outfit making pre- 
dictions, this was the Los Alamos Scientific Laboratory and the Uni- 
versity of California Radiation Laboratory prediction. They also 
have a forecast team of meterologists. Here again the prediction made 
at 2 hours before the shot time showed the early fallout within the 
hundred milliroentgen per hour at 12-hour line to be fairly well veri- 
fied, at least in the direction in which it went. Again they did not get 
the curvature of the later fallout. 

Chairman Durnam. What would be your observation as to the ac- 
curacy there in the predictions by the Weather Bureau and the other 
outfit? It looks to me they are off quite a bit in the prediction, because 
the observation line there cuts back pretty quick, and the other con- 
tinues on up. 

Dr. Krtioaa. The early part, as I say, in both cases was fairly well 
verified, but neither of them anticipated the shift of the wind which 
occurred later on. I think this is what one would expect. The meteo- 
rologists don’t fool themselves as to how well they can predict the wind. 
There are a number of studies of this matter. One of the best ones 
recently was by the Air Weather Service, which gives actual wind 
statistics and forecast statistics. Recently, Jack Reed, a meterologist 
with the Sandia Corporation, has made a study of this situation and 
applied it directly to Nevada, the purpose being to try to assign some 
kind of probability to a forecast made a certain number of hours before 
shot time. Meteorologists recognize that any forecast is a kind of prob- 
ability. It is an educated guess. This effort by Reed is a very noble 
effort to actually assign the right kind of probability to such a fore- 
cast, so that the people who have to use the forecast can know with 
what certainty the forecast was made. 

Representative Corr. How do you account for the fact that the fore- 
cast of the direction of the fallout was reasonably accurate, but the 
forecast of the breadth or width of the fallout was quite inaccurate? 

Dr. Kertoce. I don’t know the details. I did not sit down and 
go through exactly the assumptions that were made in each of these 
models by these people. I can only say that it would have something 
te do with the model they took, that is: How big a cloud they as- 
sumed, which would determine how wide the pattern was; how the 
radioactivity was distributed with height; the fraction which fell out, 
which we were talking about earlier—any of these might not have 
been predicted accurately. As I mentioned earlier we are uncertain 
about this fraction when we are firing in a tower. Any of these as- 
sumptions could have had an effect on the width of the predicted 
pattern. 

Representative Corr. But the analyzers did know in advance the 
estimated yield of the test, did they not ? 

Dr. Kriioce. Yes. Even though you may know the yield for a 
tower shot, you may not know the fraction of this yield which takes 
place in the early fallout with any accuracy, nor how it is distributed 
with height and particle size. These could have accounted for this 
changing shape. 

Representative Van Zanpt. Both groups had the same data as far 
as weather was concerned in that part of the world. 

Dr. Ketroae. Yes. They both used the same wind prediction. 

Chairman Durnam. In other words, they are pretty good up to a 
hundred miles, but beyond that it is not too accurate ? 
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Dr. Kexxioce. That is the way it looks here, and that is the way 
jt would always tend to look where we have a diflicult forecast situa- 
tion. This is probably a very light wind condition. The distant 
parts are really rather unimportant. 1 might mention here, as I 
recall, that the farthest extension of the 100 milliroentgen per hour 
line on this chart represents a “lifetime dose”’—that is, the accumu- 
lated dose you would receive if you stood out in the open from the 
time it came down to infinity—of 9 roentgens. At this point on the 
10 milliroentgen per hour line it is much less. It is a fraction of a 
roentgen. 

Representative Hoxirrecp. You have not given us the strength of 
that particular weapon. 

Dr. Ketioce. About 30 kilotons on a 500 foot tower. 

Representative Van Zanpt. Doctor, are you in a position to tell us 
how long you actually followed that cloud ? 

Dr. Ketioce. 1 am sure it was followed. I don’t remember the 
details. An attempt is made for radiological safety purposes to trace 
where the cloud went by meteorological analysis. This is something 
which we have done quite a bit of at Rand. I don’t remember whether 
we analyzed this one particularly or not. It is possible to do it by 
just analyzing the winds. It is also possible to do it by monitoring 
it by aircraft. 

Representative Van Zanopt. Is that your field, monitoring the cloud 
by aircraft ? 

Dr. Ketxoae. No, that is not. 

Representative Coir. Would you repeat the dosage at 10 miles out? 
Would you state again what that is? 

Dr. Kerxoce. Let up put this first chart (p. 114) back up which has 
the scale of miles. Let me make sure I have the right numbers here. 

This point here—the furthest extension of the 100-milliroentgens- 
per-hour, 12-hour line—represents an infinity dose of 9 roentgens. 
That is about 30 miles from ground zero. 

Representative Cotz. Tell me what you mean by an infinity dose of 
9 roentgens. 

Dr. Ketioae. By reconstructing the pattern and also by certain in- 
struments which note when the thing starts, we can tell when the 
debris arrives at the ground. It doesn’t all arrive at once, but it ar- 
rives within a relatively short period of time. Then, if we had an 
instrument which just simply counted roentgens, and it was hung on a 
post 3 feet above the ground and stayed there from then to doomsday, 
it would fiinally accumulate 9 roentgens. That is what we mean by 
infinity dose. Of course, most of this 9 roentgens would be accumu- 
lated in the first few days. 

Representative Corr. What is the influence which determines the 
period of accumulation other than wind ? 

Dr. Kettoae. The wind determines when it starts. The total dose 
then depends on the amount which comes down, and when it came 
down. 

Representative Coir. Suppose it got there at this point and there 
was no wind at all. 

Dr. Ketroce. It would hardly get there if there were no wind at all. 

Representative Corr. I still do not understand what you mean by a 
9 roentgen perpetuity dosage. 
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Dr. Ketxoae. I can draw it perhaps as a time plot. (At the black- 
board). This is the dose rate in roentgens per hour on the vertical 
scale. Here is the time on the horizontal scale. We said this was for 
a point about 30 miles out from ground zero. Suppose there was a 
10-knot wind, so about 3 hours after shot time we begin to get fallout. 
The dose rises at 3 hours, and suppose it falls for the next hour and 
then stops. That is probably what would have occurred, fallout oc- 
curring for about an hour while the cloud is passing by. Then decay 
starts. This is radioactive decay at the rate that Dr. Graves gave, 
according to the time-to-the-1.2 power law, where time is measured 
from shot time. If this were the rate at 3 hours, and if we go to 7 
times that, or 21 hours, it would be down by a factor of 10. After 
another 7 times 21 hours, whatever that is, the dose rate would be down 
toa hundredth. If we counted up the total number of roentgens, that 
is, multiply the dose rate times the time for each time interval and 
sum over all the intervals, we would get a cumulative dose. If we 
calculated this out on the tail of the curve to an infinite length of time, 
we have what we call an infinity dose. As you can see from here, most 
of this infinity dose is obtained in the first day or so in this case. 

Representative Cote. I think I understand. At least I do better 
than I did before. 

Dr. Ketxoce. I admit it is a difficult concept at first, but it is one 
which the people who are working with fallout sometimes use. ‘They 
prefer to use an infinity dose instead of a dose rate at some time. It 
is merely a matter of what you want to talk about. 

Representative Horirierp. Dr. Kellogg, how far are you on your 
summary? I understand that you can be with us tomorrow, and, if 
it is very long, 1 want to carry you over until tomorrow. If it is short, 
since it is 5: 30 and the members have to get back to their offices 

Dr. Kretxoce. I would like to take a little bit longer, 10 or 15 minutes, 
if that is all right for you, so perhaps tomorrow would be better. 
What I have to present still, 1 think, is fairly pertinent. 

Representative Hoxtrietp. We do not want to cut you out of any 
time. I suggest that we start with you tomorrow and, in the mean- 
time, it will give the staff some time to look at your prepared presenta- 
tion, and we may have some more questions for you. 

Dr. Kettoca. This was a good stopping point, anyway. 

Chairman Duruam. I might say this is my first lesson in meteor- 
ology. 

Representative Hortrrecp. The Chair will announce that the com- 
mittee will resume its hearings tomorrow morning in room 457 in this 
building. There will also be a 2 p. m. session tomorrow. Wednes- 
day, we will come back to this room again. The meeting stands ad- 
journed. 

(At 5:25 p. m., Monday, May 27, 1957, a recess was taken until 
Tuesday, May 28, 1957, at 10a. 1“ 
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THE NATURE OF RADIOACTIVE FALLOUT AND ITS 
EFFECTS ON MAN 


TUESDAY, MAY 28, 1957 


Coneress oF THE UNITED STATES, 
SpectAL SuscOMMITTEE ON RapIaTION OF THE 
Jomnr Commirres on Atomic ENeErey, 
Washington, D.C. 

The special subcommittee met, pursuant to recess, at 10:05 a. m., in 
room 457, Senate Office Building, Hon. Chet Holifield, chairman of 
the subcommttee, presiding. 

Present : Representatives Holifield, Durham (chairman of the Joint 
Committee), Price, Dempsey, Van Zandt; Senators Pastore, Hicken- 
looper, and Bricker. 

Present also: Professional staff members James T. Ramey, executive 
director; George E. Brown, Jr., Hal Hollister, statf technical adviser, 
and Paul Tompkins, consultant. 

Representative Horirtetp. The committee will be in order. 

Today we open our second day of the hearings on the nature of 
radioactive fallout and its effect on man. Yesterday we began our 
hearings with an introductory statement by Dr. Charles L. Dunham, 
Director of the Division of Biology and Medicine of the Atomic En- 
ery Commission, in which he provided some perspective on the gen- 
eral radiation problem as a basis for the beginning of the hearings. 
He was followed by Dr. Mark Mills, associate director of the Liver- 
more Laboratory of the University of California, who provided us 
with technical background information on radioactivity and radiation 
and the hazard aspects of controlled fusion and fission reactions. 

Yesterday afternoon, Dr. Alvin C. Graves, chief of the testing op- 
erations of the Los Alamos Scientific Laboratory, provided more de- 
tailed information on the production of radiation and radioactivity 
by the detonation of nuclear weapons. He described the effects of im- 
mediate bomb detonations, together with local fallout and worldwide 
fallout. He also gave some indications of the nature of the fallout 
from so-called clean and dirty weapons. 

Dr. Graves was followed by Dr. Frank Shelton, of the Armed 
Forces special-weapons project, and Gen. Alfred D. Starbird, Direc- 
tor of the AEC Division of Military Applications, who provided a 
few comments on Dr. Graves’ testimony and the new book, ‘The Effects 
of Nuclear Weapons. 

Incidentally, General Starbird indicated that the printed statement 
entitled “Testimony Before the Joint Committee on Atomic Energy 
on the Production of Radiation and Radioactivity From Nuclear 
Weapons—Topic V” was his statement, which he submitted for the 
record, The chariman and committee were under the impression that 
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this statement, distributed prior to Dr. Graves’ testimony, was the 
testimony of Dr. Graves, since they were somewhat similar. We were 
given a carbon copy of the statement which Dr. Graves used as a basis 
for his oral presentation, and are having it reproduced for the in- 
formation of the subcommittee. It is hoped that the Commission will 
identify their statements in a better fashion hereafter. 

Our last witness yesterday was Dr. W. W. Kellogg, of the RAND 
Corp., who began his testimony on the atmospheric transport, stor- 
age, and removal of particulate radioactivity, particularly local fall- 
out debris. 

Dr. Kellogg did not complete his testimony yesterday, and we are 
happy to have him with us again today to resume his testimony. 

Dr. Kellogg, will you please come forward? You may proceed 
where you left off : 


STATEMENT OF DR. W. W. KELLOGG, OF THE RAND CORP.—Resumed 


Dr. Kerxioce. Mr. Holifield and members of the committee, per- 
haps I should start by recapping just very briefly what happened 
yesterday, and perhaps making it a little bit clearer. I would like 
to very briefly mention the fact that the scientists who have been 
interested in studying fallout have been in fairly close touch with 
each other, and last March about 60 of us assembled in Santa Monica, 
Calif., to try and iron out some of the points of difference that we had. 

Chairman Durnam. You say 60 people, Doctor. Whom do you 
mean 4 

Dr. Ketroce. Sixty people representing the various agencies, such 
as the AEC, the Air Force, the Army, the Navy, and various civilian 
agencies who have all been connected in one way or another with 
studies of fallout. 

Chairman Durnam. Was there a report made by that group? 

Dr. Ketxioce. The report is being prepared. It will be classified 
when it comes out, because we wanted to discuss specific tests. There- 
fore, it is classified. However, there was one thing which we could 
all agree on at the end of the session, aud that was that we had a 
long way to go before we could all get a consistent and clear picture 
of this process of radioactive fallout. 

In particular, I think it should be mentioned that the fraction of 
fallout from a surface burst, which I gave yesterday as around 80 

ercent, in my opinion, was discussed at great length at this meet- 
ing, and it was shown that the evidence which we have for this frac- 
tion which falls out from a surface burst is not clear, and that we 
really are not certain about the fraction which falls out. We know 
that it is roughly 50 percent, plus or minus some number of percent, 
and the 80 percent which I gave you is sort of a best guess that RAND 
has made. I do not think that I should say this is a certain number 
by any means. I wanted to make that clear. 

Representative Horrrrerp. The 80 percent goes into the strato- 
sphere ? 

Dr. Kerioce. The 80 percent is what falls down in the first 24 
hoursorso. It would leave 20 percent to stay in the air. 

Representative Hotirmip. This only refers to bombs, where the 
column does not go into the stratosphere? 
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Dr. Ketroaa. No, sir. This is more or less independent of yield, 
I would say. We have an observation of a low-yield weapon, and 
we have some other observations of higher yield weapons; and the 
fraction which falls out in early fallout does not seem to be very 
sensitive to yield. 

I think the important difference, and one which I think will be 
taken up by Dr. Machta, who is following me, is that when we have 
a low-yield weapon the cloud does not go very high; therefore what 
is left is at a relatively low level in the modceviine which is the lower 
part of the atmosphere. When we have a high-yield weapon, then 
what is left is higher in the atmosphere, in the stratospere. 

The fraction of the debris taking part in the close-in fallout depends 
= ey it was a surface burst or not. How high it goes depends on 
the yield. 

Representative Horirierp. For the purposes of clarification, will 
you please explain what you mean by the troposphere? 

Dr. Kettoaa. Yes, sir. The troposphere in middle latitudes where 
we are now is the atmosphere from the ground up to about, say, 30,000 
to 40,000 feet. It is the part of the atmosphere that contains clouds, 
contains the weather as we know it. 

Representative Hortrieip. And in the Tropics, it would go up to 
about 50,000? 

Dr. Ketroaa. 50,000 to 60,000 feet in the Tropics; yes, sir. 

Representative Horirietp. And above that is the stratosphere ? 

Dr. Ketxioae. That is right. 

I will not belabor this point. I just wanted to indicate there is some 
uncertainty about this number. 

Yesterday we showed charts from the May 5, 1955, open shot in 
Nevada, a shot of roughly 30 kilotons on a 500-foot tower. The motive 
for showing the fallout from this particular burst was to give the 
committee a little bit of feel for the irregularity of one of these fallout 
pean and to show that various ways of predicting the fallout had 
een developed; that the predictions close in where the fallout is 
heavy enough to be important is fairly accurate, whereas further out, 
where the fallout is relatively unimportant the predictions are less 
certain. 

I think in Nevada the fallout patterns are particularly irregular 
because of the terrain features which break it up. The rugged terrain 
also makes it hard to observe the fallout pattern. 

So the red line which I showed on that chart representing the 
“observed” fallout is only roughly known. If we had a complete map, 
we would see it marching up across the mountains and down into the 
valleys, and we know these have an effect upon fallout. It would 
not be a smooth line as I showed it. 

Representative Horirieip. Would you say the area is such adjacent 
to the explosion point of these weapons to give the maximum oppor- 
tunity for local fallout ? 

Dr. Kettoge. That appears to be the case; yes, sir. 

‘The hundred milliroentgen per hour line at 12 hours, which was 
shown on the chart, only went out about 30 miles in a due-north direc- 
tion, and this early fallout, of course, can be forecast fairly well. 

There are two further topics which I would like to take up, which I 
did not have a chance to yesterday. 

One has to do with the growth of the pattern in time. I think we 
have not really discussed the growth in time of the pattern. We have 
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tended to look at these patterns as if they were laid on the ground with 
a big rubber stamp, whereas I think you all understand that the pat- 
tern develops over a period of time because the debris arrives at 
different places at different times in a more or less orderly process, 

In particular, the question of when the fallout occurs close in to 
ground as zero, I believe, requires a little bit of attention, since in an 
emergency this would have an important bearing on what plans one 
would take to get out of the fallout. 

In preparation for this hearing I collected all the data I could get 
from the tests which had a bearing on this question of when the fall- 
out begins relatively close in to ground zero; and by relatively close 
in, I do not mean just a few thousand feet. I mean at distances rang- 
ing from 8 to, say, 30 miles, from ground zero for large yields, where 
the atomic cloud is quickly overhead. That is, this is the fallout which 
is in the shadow of the mushroom cloud. 

It appears from a collection of data, which are summarized in the 
report which I presented for the record, that the fallout close in does 
not generally begin for about 30 minutes. ‘The times of arrival actually 
vary from 20 to about 40 minutes. I think this is significant, and I 
think the explanation is rather easy to see. If one visualizes the fact 
that most of the debris is carried up in the mushroom cloud, then 
when the mushroom cloud stabilizes it takes a while for this material 
to get back down to the ground. So this delay seems reasonable, and 
I have documented it with the data which we have from the atomic 
tests. 

The second part, having to do with the growth of the pattern in 
time, I think, can best be illustrated by this chart which, incidentally, 
is taken from the unclassified article in the Journal of Meteorology, 
written by Dr. Rapp, Mr. Greenfeld, and myself. So this is familiar 
to meteorologists who have read the journal article. 

This chart shows a succession of fallout patterns at various times: 
First, a half hour, 1 hour, 2 hours, and 6 hours, It is from a 1-megaton 
explosion, and it is assumed there is two-thirds of a megaton of fission 
products represented in this fallout pattern. (See p. 116.) 

The dose rates represented are in roentgens per hour at the time of 
the pattern. 

I believe this is instructive in showing the way in which the pattern 
grows, in showing that it is most intense when it first comes down, 
and then decays after it is on the ground. 

Close in we have the inside line, the thousand roentgens per hour at 
a half hour. The next line is 500. In other words, judging from the 
numbers which we heard yesterday, if this dose were to be imagined to 
be steady, at roughly half hour you would get a lethal dose in some- 
thing like an hour. 

Representative Hortrietp. For how many miles? 

Dr. Ker1oca. The scale of miles is here. The 500 roentgen line at 
a half hour extends out, I would judge, about 12 miles. 

Representative Horirretp. In other words, in one-half hour every- 
thing within 30 miles down wind—is it 12 miles or 30 miles ? 

Dr. Ketxioce. Twelve miles. 

Representative Horirrecp. Twelve miles downwind would receive a 
lethal dose of 500 roentgens? 

Dr. Ketioae. Yes. 
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There is one thing which was not taken into account in this cal- 
culation because it was done before we had really studied the time- 
of-arrival business. It appears that at about half an hour this blanket 
of fallout material descends on the ground, and so that at half an hour 
it is sort of nip and tuck whether the fallout has arrived yet or not. 
This half-hour picture might really refer to something like 40 minutes, 
but I do not think we know enough to make a clear distinction. 

Senator Bricker. What about the wind currents at that time? 

Dr. Krtxoce. The wind current was a fairly strong west wind, and 
the wind did not change much with altitude in this case. So it is 
being laid out in an easterly direction at a fairly rapid clip. 

Senator Bricker. What do you mean by “fairly strong” winds— 
20 miles? 

Dr. Krerxoce. In the original article there is what we call a 
hodograph showing the winds. I did not reproduce it on the chart, 
and perhaps I should. I can tell you roughly what they were. 

Senator Bricker. That is what I want, just roughly. 

Dr. Ketxioca. They roughly range from about 40- to 80-knot winds 
in this case. Fairly windy day at high altitudes. 

tepresentative Hoxirretp. Would you explain at this point why you 
have on the chart there “1 megaton yield” and then “two-thirds mega- 
ton fission yield”? Would you give us a clarification on that? 

Dr. Ketxoae. This represents the fact—and it is merely for illustra- 
tion purposes only, of course—that this was a thermonuclear device 
in which part of the yeld came from the thermonuclear reaction. 

Representative Hottrietp. Part of the blast yield ? 

Dr. Kerixioce. Part of the blast yield. 

Representative Horirieip. Or the heat yield? 

Dr. Ketxoce. That is right. 

Representative Houirieip. Therefore, you figure roughly you would 
lose a third, that the megaton would not be completely a 1 megaton 
of fission ? 

Dr. Ketxioce. That is right. 

Representative Hottrretp. One megaton of radioactive fission, but 
it would be two-thirds of a megaton in the fission products, and 
the other third in blast and heat ? 

Dr. Keixoce. No, sir, that is not quite the way to say it, sir. 

The total energy yield and thermal yield in terms of the work put 
out by the explosion was 1 megaton. However, only two-thirds of a 
megaton of fission products were released. And the conversion there 
from megatons of work to megacuries is the thing which Dr. Graves 
oe yesterday, how to do this. As TI say, this is for illustration 
only. 

Representative Price. Mr. Chairman? 

Representative Houtrretp. Mr. Price. 

Representative Price. You will probably cover this before you get 
through with the chart. With an increasing yield, how does the figure 
over there on the half-hour basis expand, or how does this work if 
you drop a 10-megaton bomb ? 

Dr. Ketioce. The way in which this pattern changes with yield, 
seems to be in such a way that the area within any one of these con- 
tours goes up with the yield. The areas go up linearly with the yield. 
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Representative Price. What would that 500 figure be on a 10- 
megaton bomb ? 

Dr. Ketioce. There would still be a 500 line on the 10-megaton 
bomb, but it would be 3 times bigger in any dimension. It would have 
an area 10 times bigger. 

Representative Price. It would have an area, say, of about 40 miles? 

Dr. Ketroce. Yes; that is about right. I would rather point to 
the 1-hour pattern because there is a question as we raise the yield, this 
question of whether this material gets back down to the ground in half 
an hour. I expect it would not for a 10-megaton yield. It probably 
would for 1-megaton yield. That is because of the difference in alti- 
tude. 

Let’s look at the 1-hour pattern, and talk about that. I prefer that 
to the half-hour pattern, particularly if we wish to discuss the way 
in which it scales with increasing yield. 

Representative Price. On the 1-hour one, you have 500 roentgens 
still extending pretty close to 12 miles? 

Dr. Ketioaa. Yes;itis. It looks like it was about 10 miles. 

Representative Pricer. So, if you had a 10-megaton drop, the 500- 
roentgen area would be at least 40 miles? 

Dr. Ketxoce. That is true; yes. The square root of 10 is a little 
over 3. 

Representative Horirietp. Now, in areas in the case of warfare 
where cities are close together that are primary targets, you would 
also face the factor of lapping, would you not ? 

Dr. Ketxoca. Yes. 

Representative Horrrrerp. And that would increase the radioactive 
fallout to the extent that the degrees of lap would add? 

Dr. Ketxoae. That is true. 

If I may, I would like to show a chart in which the fallout from 
a multiple-bomb campaign is shown. (See p. 119.) 

Dr. Ketitoca. Now that we have had time out for the scene moving, 
T would like to say that this chart was prepared by Mr. Charles Shafer 
of the Federal Civil Defense Administration headquarters in 
Battle Creek, Mich., and he has very kindly let me borrow this chart, 
which was prepared for the FCDA’s Operation Sentinel. 

Representative Hortrretp,. Would you make an estimate as to the 
pictorial authenticity of this, based upon scientific information ? 

Dr. Ketroge. Yes. This kind of a fallout chart has been done as 
an exercise many times. 

Chairman Durnam. It was actually—— 

Dr. Ketioce. Mr. Shafer is in the audience, and if you press me on 
the details, I will perhaps ask permission to have him help me. 

Representative Van Zanvr. It would be nice to have Mr. Shafer up 
here. 

Representative Horirrerp. Yes, let’s have Mr. Shafer up here at 
this time. 

Dr. Ketioea. Fine. I would like very much to have him up here. 

Representative Horirietp. Mr. Charles Shafer. We are happy to 
have you before the committee this morning. The committee would 
like to hear briefly the substantiation from a scientific standpoint of 
this chart which you have prepared, and its meaning. 
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STATEMENT OF CHARLES SHAFER, METEOROLOGIST, UNITED 
STATES WEATHER BUREAU (ON ASSIGNMENT TO FCDA) * 


Mr. Suarer. This particular fallout analysis is purely hypothetical, 
which is obvious. It is based upon one of the techniques which Dr. 
Kellogg explained to the committee yesterday, the stylized pattern 
technique, and it is virtually identical to that which is described in the 
ets paper, copies of which were entered into testimony yes- 
terday. 

The meteorology used on this particular fallout analysis was the 
wind existing from 80,000 feet altitude, down to the surface of the 
earth during the period November 20 to 21, 1956. 

In actuality, if such an attack or an attack of this magnitude—— 

Representative Horirietp. Will you please repeat the date? Some 
of us did not hear that. 

Mr. Suarer. November 20 to 21, 1956, a 24-hour period. 

This represents an attack of total yield of approximately 2,500 mega- 
tons, a very large attack. It is an estimate. It is an analysis based 
upon many assumptions such as Dr. Kellogg described yesterday. In 
an actual attack of this magnitude, certainly the levels of radiation 
would vary considerably from those indicated on this chart, simply 
because we do not know all of the information we need to know in 
order to do such an analysis as this is on a forecast basis. 

Representative Van Zanpt. What type of attack was it? 

Mr. Suarer. This was an attack of thermonuclear weapons. 

Would you like to have some information on the size and the distri- 
bution of weapons ? 

‘ en Van Zanpt. As long as you do not enter the classi- 
ed field. 

Mr. Suarer. There is no classification involved in it. 

The weight and distribution: The weapons were of three sizes: In 
the range of 5-megaton yields; 10-megaton yields; and 20-megaton 
yields. There were 250 bombs, with a total yield of about 2,500 mega- 
tons. There were 144 areas of attack. Fifty-three of the areas were 
basically population and industrial centers; 59 areas were basicall 
military installations; and the remaining 52 areas contained both mili- 
tary and population objectives. 

Representative Van Zanvt. How many minutes or hours were in- 
volved ? 

Mr. Suarer. In the attack? 

Representative Van Zanvr. Yes, in the attack. 


1 Waverly, N. Y., graduated from State Teachers College at Albany in 1939 and did grad- 

—_ work in mathematics and meteorology at American University and New York Uni- 
versity. 
Acsighed to Federal Civil Defense Administration by the Weather Bureau in April 1955 
to assist in radiological defense problems resulting from phenomena of fallout. Began 
meteorological career as weather observer at Raleigh, N. C., prior to World War II. Flight 
weather forecaster at Dayton Army Air Field and consultant to Accelerated Service Test- 
ing Branch of U. 8. Air Force. One year scholarship at College of Engineering of New 
York University. Subsequent to this Mr. Shafer was detailed to International Civil 
Aviation Organization at Montreal for a special research project, then to Washington 
National Airport as an international forecaster. 

Next he was assigned to Weather Bureau-Air Foree-Navy Analysis Center and in 1952 
was loaned to CAA and transfered to Europe to plan and supervise the rehabilitation 
of the Greek Weather Service. In 1954 Mr. Shafer received 3 months of specialized in- 
struction in long-range forecasting and worked as supervising meteorologist at the Mili- 
tary Weather Bureau unit at Suitland, Md. 
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Mr. Suarer. Approximately 2 hours for the delivery of the attack, 
sir. ‘Lhe fallout analysis was carried on for 24 hours. We assumed 
that there was suflicient fallout debris to render the analysis valid to 
sarry it out for 24 hours. 

One thing I should mention is that the analysis of the east coast is 
probably erroneous. It would have been better to have terminated the 
line at the coast, simply because debris in the ocean area is subjected 
to considerable mixing by ocean currents, and there would have been 
considerable dilution. However, from our analysis this is an indica- 
tion of what would have come down. It would not have remained in 
that location, as it would have been more apt to do on the ground. 

Representative Van Zanpt. Will you mention some of the targets, 
and give the geographical distribution of them. 

Mr. Suarex. Yes. We gave the Air Defense Command credit for 
quite a few knockdowns on this. This represented the results of the 
aircraft which were able to penetrate our borders and deliver their 
weapons as indicated. 

The heaviest concentration, the heaviest complex of detonation hap- 
pens to be in the Detroit area, because we made some assumptions not 
culy with regard to enemy intent in getting to target, we also assumed 
there were some Laos of aircraft and some unintentional 
weapon detonations. 

In the Detroit area, for example, there are some 70 or 80 megatons of 
detonation of weapons within 15 or 20 miles of one another. Con- 
sequently, there is a tremendous overlap from Detroit east ward across 
Isuffalo and across central New York State—the factor Mr. Holifield 
mentioned a while ago, the factor of overlap. 

Chairman Durnam, What is the yellow ? 

Mr. Srarer. The yellow shading, sir, represents the areas of most 
intense radiation hazard, and area where the dose rate normalized 
back to 1 hour after detonation would have exceeded 3,000 roentgens 
per hour. 

The red areas are where the radiation levels would have exceeded 
1,000 roentgens per hour. The blue areas are where the radiation 
levels would have exceeded 100 roentgens per hour. The green levels 
are where the radiation would have exceeded 10 roentgens per hour. 

Would you be interested in the effects of this particular attack as 
far as people are concerned ? 

Representative Hotirizcp. Yes. What was your estimate on the loss 
of human life? 

Mr. Surarer. May I read that, sir, so I will have it correct ? 

Without evacuation of the target cities to escape primary weapons 
effects—that is, to escape blasts, thermal and initial radiation effect-—— 

Representative HoriFietp. I did not get that. 

Mr. Suarer. Without target evacuation, target area evacuation to 
escape primary weapons effects, and assuming present-day shielding 
which exists in the United States, that is, homes, or home basements, 
or the basements of large administration buildings, the bomb-damage 
assessment on this particular attack indicated a total loss by death 
cf about 82 million people, based upon current United States popula- 
tion, and about 24 million surviving casualties, 60 days subsequent to 
the attack. This left about 60 million relatively uninjured, but doubt- 
lessly suffering some radiation effects. 
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In this particular analysis, we only carried it down to the 10 roent- 
gens per hour. So that even in the white areas, where the levels are 
relatively low, there could be some radiation effect. Of the total 
fatalities, some 50 percent were a result of radiation factors. 

Now, by assuming a 50-percent effective evacuation of the target 
areas 

Representative Honirietp. At that point I think you should tell us 
where you have your evacuation centers. 

Mr. Suarer. On this first analysis, in which there were about 82 
million fatalities, there was no evacuation assumed, simply a duck-and- 
cover operation upon the souad of the warning bell that an attack was 
imminent. 

Representative Horirieip. Allright. Now, you are going to assume 
evacuation. Where are you going to evacuate them to, under the same 
conditions, to protect them from fallout on a map of that type? 

Mr. Suarer. We had to make two assumptions on this particular 
phase of the analysis. 

Assuming a 50 percent of effective evacuation beyond the D zone 
ot blast damage, that would be from 5 to 15 miles beyond ground 
zero, depending on weapon size; assuming a 50-percent effective 
evacuation, and assuming the existence of a radiation shelter program 
in the United States, assuming the existence of shelters to which 
evacuees could go, the fatalities decreased to about 31 million. So 
there was a net saving of over 50 million people under a radiation 
shelter program, and an assumption of 50 percent effective evacuation 
beyond the primary effects of the weapon. 

Senator Picts And that hypothesis is predicated upon an at- 
tack of 2,500 megatons within a period of 2 hours, and you are talking 
about evacuees within that period ? 

Mr. Suarer. The evacuation immediately prior to that, sir. Evac- 
uation beyond the D zone of blast damage. Evacuation for, perhaps 
5 to 15 miles to shelters prior to the attack, perhaps 1 hour, or per- 
haps less than 1 hour prior to the attack. 

Representative Houirienp. Of course, you have not only made two 
assumptions which cannot obtain under present conditions, one, be- 
cause you do not have a warning time; two, because you do not have 
a shelter system; but you made a third assumption that you know 
where point zero of the falling bombs is going to be. All three of 
those assumptions are in the realm of impossible prediction. 

Mr. Suarer. Actually, in the analysis, we only assumed a 50-percent 
evacuation of the target areas attacked in this particular exercise; 
that is correct. 

Representative Van ZAnpr. Mr. Chairman? 

Representative Hontrievo. Mr. Van Zandt. 

Representative Van Zanpr. In 2 hours’ time how inany bombs were 
dropped. 

Mr. Suarer. 250 bombs on 144 areas, 

Representative VAN ZAnpt, 144 areas? 

Mr. Saarer. That is right. 

Representative VAN Zanpt. Your chart indicates that they dropped 
bombs on the Northwest ? 

Mr. Suarer. That is correct, sir. Seattle—— 

Representative Van Zanor. And California? 

Mr. Suarer. Correct. 
93299°—57—pt. 110 








138 RADIOACTIVE FALLOUT AND ITS EFFECTS ON MAN 


Representative Van Zanpt. And then moved east. How about 
Arizona and New Mexico? 

Mr. Suarer. Yes, sir. We have weapons detonated at Phoenix, at 
some of the airbases near there, and at Tucson. 

Representative Van Zanpt. How about the Salt Lake City and 
Denver areas ? 

Mr. Suarer. That is correct, sir. Hill field in Utah, and also Salt 
Lake City itself, sir. And Denver, at the airbase outside of Denver, 
and Denver city itself. 

Representative Van Zanpr. In other words, you covered all the 
densities of population in the United States? 

Mr. Suarer. Many of them, that is correct. 

Representative Van Zanpt. Whether military or otherwise ¢ 

Mr. Suarrr. Military, civilian, and industrial targets were the pri- 
mary objectives. However, there are some random detonations also 
at areas that would not meet those criteria. 

Representative Van Zanpr. You said 50 percent of the casualties 
could be charged to radiation ? 

Mr. Suarer. That is correct. 

Representative Van Zanpr. Are we to assume the other 50 percent 
were killed by blast effect ¢ 

Mr. Suarer. That is correct, blast and thermal effect. 

Representative Price. Mr. Chairman ? 

Representative Horirizip. Mr. Price. 

Representative Price. What type of bombs were you assuming? 

Mr. Suarex. Thermonuclear-type weapons, and obviously they were 
not. the relatively clean type of which you were speaking yesterday. 

Representative Price. Exclusively H-bombs? 

Mr. Suarer. That is correct. 

Representative Van Zanor. In your imagination, did you provide 
for an aerial burst? 

Mr. Suarer. These are all surface detonations. 

Representative Van Zanpr. All surface detonations? 

Mr. Suarer. Yes. You will notice there is quite a variation of the 
pattern since we used the actual] existing meteorology of a particular 
day. 

For example, in Florida the winds were much less strong, than over 
here [indicating], say across Colorado and across the northern plains. 
As I recall the wind speeds in the Florida peninsula were in the matter 
of the neighborhood of perhaps 15 miles per hour, the mean effective 
wind from 80,000 feet to the surface, whereas they exceeded 50 miles 
per hour as we went further north. 

Representative Van Zanpr. What period of time did the deaths 
occur ¢ 

Mr. Suarer. The first 60 days. Our computations went for the 
first 60 days, sir. There may have been some deaths beyond then, 
because, as peinted out yesterday, the delivery of radiation exceeds 
60 days. However, certainly the bulk of the problem would be ind)- 
cated. 

In this particular exercise we dealt only with the imniediate sur- 
vival problem. We did not take into account the soi] contamination, 
the uptake of strontium 90, and the long-term han! problem that cer- 
tainly would be very much with us from an attack of this magnitude. 
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Chairman Duruam. How about water? Did you take that into con- 
sideration ? 

Mr. Suarer. No, we did not take contamination of water into ac- 
count here. Certainly there would be considerable contamination of 
reservoirs from fallout, from rainfall, moving the deposition from its 
point of contact and into reservoirs. 

Representative Horrrrerp. You might say, then, this represents the 
immediate effect, say, the within-24-hour effect ? 

Mr. Snarer. As far as this analysis of the fallout is concerned; yes. 
The mortality of fatality statistics which I gave you indicated the 
first 60 days. 

Representative Houtrierp. Yes. 

Mr. Suarer. As far as contamination of water is concerned, cer- 
tainly southern Lake Michigan would have had a considerable amount 
from this. Many cities depend upon their drinking water from Lake 
Michigan. 

Senator Pasrore. It is my prayer that these questions always re- 
main hypothetical, but why did you take the figure of 2,500 megatons? 

Mr. Suarer. Solely to study the problems connected with a large- 
scale attack with ground-burst weapons. There is nothing significant 
about the figure 2,500. This is one of an infinite number of attacks 
which could have been assumed. I might advise the committee that 
we have studied attacks with much less and much greater megatonnage 
than this. We recently completed an agency exercise based upon a 
20-megaton surface detonation on all of the 314 targets in the United 
States. The megatonnage was some 21% times that indicated on this 
analysis, but it was very specialized. It was certainly a situation that 
no enemy would be able to accomplish, to get 314 intended weapons 
upon their intended targets. 

Representative Horirievp. This, of course, does not give us an esti- 
mate of the amount of radiation that would go into the world’s at- 
mosphere and stratosphere, and which would fall over the following 
10 years around the world on areas which are not attacked by an im- 
mediate detonation of weapons? 

Mr. Suarer. That is correct, sir. 

Chairman Durnam. Then it was assumed in the preparation of the 
map that this could be accomplished in the 1960's? 

Mr. Suarer. This was not intended to represent capability at any 
particular time, although we assumed that such an attack could be 
increasingly within enemy capability during the 1960’s. 

f Representative Van Zanpr. Was it based on the Russian capa- 
ilities? 

Mr. Suarer. This was based solely upon our assumption for this 
exercise. 

Representative Vax» Zaxor. Was it based upon Russia’s capability 
of getting JOC percent of her planes through to the target ? 

Me, SitArer. No, sir. We assumed that this represented those air- 
craft which were able to penetrate our borders and deliver their 
weapons, 250 weapons. I do not know how many aircraft that would 
require. If the Air Defense Command were effective in knocking 
down 50 percent of the invading bomber aircraft, this would imply 
500, perhaps, in the original attack. 
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Representative Va»; Zanpr. Would you take a bomb burst over Log 
Angels, and trace it as it moves east, giving us some idea of the de- 
struction in human lives? 

Mr. Suarer. That:would be rather difficult, but I will attempt it, sir, 

There were four w.apon detonations in the vicinity of Los Angeles, 
the large area, the large population center, the country. The Dlue- 
dashed line at the en;! of my pointer represents the area which would 
be affected by fallout at the end of 1 hour. That is 1 hour subsequent 
to the detonation. ‘The levels in the yellow area would exceed 3,000 
roentgens per hour. . Unless survivors in that area had very good 
shelter, shelter with a shielding factor of perhaps 5,000, everyone 
would be dead. It would be a writeoif area. 

Almost the same generalization in the red area. Not so much in 
the blue. Certainly not in the green. And when we get out to the 
white, a relatively no-hazards area at all. 

By the end of 3 hours, the debris would have moved down almost 
to the extreme southeastern portion of California, almost to the 
Colorado River, the border between Arizona and California. By 7 
hours, it would be over to central Arizona, However, at this time 
you would have to decrease the levels of radiation indicated on here 

y a factor of 10, as was mentioned yesterday, the radiological decay, 
the radiation decay which takes place. So by this time, in the yellow 
areas the dose rates are no longer 3,000 r per hour, but are down to 300 
r per hour. In such a field as that, one could still be exposed to a 
lethal dose in less than 2 hours’ time. 

The debris spread on eastward to New Mexico by about 12 hours. 
However, by this time there have been considerable overlaps from 
attacks on San Diego, and from attacks on Arizona; so it becomes 
rather impossible to trace the debris from one single bomb. 

Here is one [indicating] in the data which can be traced a bit more 
easily. This represents 6 hours of time; some 12 hours down to Grand 
Canyon; 18 hours, perhaps, over to the Colorado border; and by 24 
hours into the Denver area. But it would be of no significance at 
Denver, since Denver has been struck by 3 a some 24 hours be- 
fore, and the addition at this time is a relatively no additional value. 
Is that what you wanted, sir? 

Representative Van Zanpr. That is it; thank you. 

Representative Horirretp. Mr. Shafer, will you please give us your 
background, whom you work for, and so forth, so we can have that on 
the record ? 

Mr. Suarer. Yes, sir. I am a meteorologist from the United States 
Weather Bureau. I have been assigned to FCDA, the Federal Civil 
Defense Administration, for the past 2 years, to assist them in their 
radiological defense problem. 

Representative Hoririecp. How long have you been in this work? 

Mr. Suarer. Inthe Weather Bureau ? 

Representative Hortrtetp. Yes. 

Mr. Suarer. I have been in the Weather Bureau 16 years, sir. 

Representative Horirteip. In presenting this, do you feel that this 
is supported by a majority of the meteorologists; that this sort of a 
hypothetical portrayal would be supported by most of them? 

Mr. Suarer. Most of them would not take strong exception to this. 


As indicated yesterday, there are 4 different techniques, or ways of 
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doing this, and each of the 4 yields some minor variation. As far 
as presenting the magnitude of the problem, and, for planning pur- 
oses, to indicate what we are up against, this is reasonably accurate. 
or actual operations in the event of an attack, for actual survival 
operations, this would not be adequate. We could only accomplish 
an analysis such as this by complete monitoring or by a combination 
of monitoring and meteorological techniques. 

Representative Hortrrerp. Are there any further questions? 

Thank you very much, Mr. Shafer. 

Mr. Suarer. Thank you, sir. 

Representative Hortrietp. Dr. Kellogg. 

Dr. Ketroca. Are there more questions about this? 

Representative Horirreip. I think we will not need the charts. 

Dr. Kettoce. This closes my presentation. The analysis by Mr. 
Shafer was the last thing I wanted to present to the committee. 

Representative Hoririecp. All right. Before you leave the stand, 
as an experienced student in this field, would you have anything to 
add to this presentation of Mr. Shafer on this particular point ? 

Dr. Ketioga. No; I think he covered it very well. 

Representative Hotirrenp. From your scientific background and 
professional standing, would you concur, in general, with the remarks 
that he made? 

Dr. Kettoaa. Yes. The techniques which he used are, I think, fairly 
well accepted by those of us who are planning fallout calculations. 

Representative Honirieip. Are there further questions of Dr. Kel- 
logg ¢ 

Thank you very much, Dr. Kellogg, for your appearance before the 
committee. Your testimony has been very valuable. 

Our next witness will be Dr. Lester Machta, of the United States 
Weather Bureau, and he will continue the testimony on atmospheric 
transport, storage, and removal of particulate radioactivity. 

Dr. Machta has previously testified before congressional committees, 
and is looked upon as one of the real experts in this field. 


STATEMENT OF DR. LESTER MACHTA, METEOROLOGIST, UNITED 
STATES WEATHER BUREAU? 


Dr. Macurra. Thank you, Mr. Chairman. I thank you for the op- 
portunity of continuing the meteorological presentation. The story 
which I would like to tell pertains to a meteorological prediction of 
tern fallout, and how this is verified by actual observation, and, 

nally, what this may mean for us in the future. 

The radioactive debris which has not fallen out locally ig carried 
by the atmosphere to distances far removed from the point of the 


2 Meteorologist, U. S. Weather Bureau; associated with atomic energy and meteorology 
since coming to Washington in 1948, now Chief of the Special Projects Section. Born in 
New York, N. Y., in 1919, graduated cum laude from Brooklyn College in 1939. His 
meteorological training includes graduate work at New York University (master of arts, 
1946) and at Massachusetts Institute of Technology (doctor of science, 1948). During the 
war he taught meteorolo in both a civilian and military capacity for the Air Force. 
Member of Sigma Xi, Pi Mu Epsilon, the American Meteorological Society, and the Amer- 
ican Geophysical Society. Recently been given a gold medal for exceptional service by the 
Department of Commeree. Publications in the meteorological literature are numerous 
and, in recent times, include papers on atomic energy and meteorology. Has been a mem- 
ber of many important Government committees, inc — Advisory Committee passing 
on the meteorological safety of tests in Nevada. Has n instrumental in making the 


worldwide measurement of radioactivity part of the International Geophysical Year 
program, (Submitted by U. S. Department of Commerce.) 
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explosion before entering man’s environment or body. Why are we 
interested in the details of this transport? Aside from the academic 
meteorological implications, there are at least two aspects of atmos- 
pheric transport which are of importance to these hearings. 

First, if the radioactive debris remains suspended sufficiently long, 
radioactive decay can reduce the hazard of the particles. Unfortu- 
nately, evidence points to residence times in the atmosphere which are 
too short to allow for appreciable decay of such substances as strontium 
90 and cesium 137 with their 27- or 28-year half lives. Second, and 
more important, is the question of the uniformity or nonuniformity 
of deposition over the earth. We will return to this point later. 

Senator Bricker. Is the half life of cesium 137 practically the same 
as strontium 90? 

Dr. Macura. I believe so, sir. The radioactive debris which has 
not fallen out locally can be carried either by tropospheric or strato- 
spheric winds. I should like to show a number of placards. 

The first placard (1) shows the earth as a sphere bounded by a layer 
of air in which our weather takes place, known as the troposphere; 
the upper layer, which is separated from the troposphere by the tropo- 
pause shown here as the line, is the stratosphere. The break in the 
tropopause in the area in which J appears is believed to be frequently 
associated with the jet stream, a current of high-speed west-to-east 
winds. The everyday weather—cloudiness, precipitation—occurs only 
in the troposphere. We are well informed about the tropospheric air 
motions, but coon much less about the stratospheric air motions. Two 


features are, perhaps, of importance. First, there is considerable tur- 
bulence and, hence, mixing in the troposphere. On the other hand, the 
stratosphere is rather smooth and, as far as we know, much less 


vertical mixing takes place there. 

Second, in both the troposphere and stratosphere, the prevailing 
winds blow from west to east or from east to west, so that the transport 
occurs much more rapidly in an east-west or west-east than in a north- 
south direction. 

The fate of the radioactivity that is left over after local fallout 
has ceased depends upon whether it has been left behind in the tropo- 
sphere or forced into the stratosphere. ‘Thus, as has been mentioned 
many times, high-yield explosions with their tremendous force throw 
the mushroom heads int» the stratosphere, while the lower yield tests 
such as we conduct in Nevada remain in the troposphere. High air 
bursts of almost any yield can throw their debris into the stratosphere, 
also. 
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FIGurRE 2 


INTERMEDIATE FALLOUT 
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The next placard (2) shows the decrease with time of the atmos- 
pheric radioactivity from tropospheric and stratospheric sources. We 
see that for a Nevada A-bomb-type shot, in which air content is plotted 
against time in weeks after the explosion, the atmospheric radioac- 
tivity decreases rapidly with time after the test, so that within a mat- 
ter of weeks, or at most a few months, the level of radioactivity is not 
appreciably above natural backgrounds. Precipitation and turbu- 
lence quickly remove the particles from the atmosphere. On the other 
hand, from the large-scale explosions, the thermonuclear tests, which 
throw their debris into the stratosphere, one finds practically no 
change with time. Although the same processes of removal are still 
active in the troposphere, the curve fails to show the decrease because 
there is a continual feeding of new radioactive debris from the strato- 
sphere downward. 

TROPOSPHERIC FALLOUT 


Let us first look at the fallout from tropospheric debris. This 
placard (3) shows isolines of deposition from one of the Nevada test 
series. It is a Mercator map of the entire world, and the very heavy 
shading indicates the area around Nevada. 

The brightness of the red coloring is proportional to the amount of 
fallout. I use the word “tropospheric” and “intermediate” inter- 
changeably in this discussion. This picture illustrates the prevailing 
west-east flow by the fact that most of the radioactivity lies in the same 
belt of latitude as the original latitude of the explosion. The fallout 
is carried primarily to the east by the prevailing winds, and decreases 
in intensity as we get farther from the test site. 
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Representative Hortrteip. Before we leave that, Dr. Machta, I want 
to reread one of the lines you have given, 

Dr. Macuta. Yes, sir. 

Representative Horrrietp (reading) : 

This picture illustrates the prevailing west-east flow by the fact that most of 
the radioactivity lies in the same belt of latitude as the original latitude of the 
explosion. 

Judging from the shading on your map there, and from this state- 
ment, then, there is a deposition in the Temperate Zone, assuming that 
is where these tests occur, where most of the people live, which is 
higher in intensity, although in different gradations, than it would be 
in either of the polar zones? 

Dr. Macuta. That is exactly correct, sir. 

Representative Hottrretp. So when we talk about average global 
fallout, although it is a theoretical equation, it is an unreal evaluation 
in terms of the phenomena which actually occur ¢ 

Dr. Macuta. I would like to take this up later. My main presenta- 
tion actually deals with the nonuniformity of the fallout, and this is 
one of the aspects which gives rise to nonuniformity, namely, that the 
tropospheric fallout remains in the same latitude belt that the explo- 
sion takes place. But this is only one of the aspects. 

Representative Horirietp. My observation is, although it is only 
one of the aspects—my observation still is—— 

Dr. Macnurta. Is correct. 

Representative Hotrrievp. Is correct ? 

Dr. Macura. Yes, sir. 

Representative Hoxtrrevp. Thank you. 

Dr. Macuta. The next placard (4) provides the tropospheric fall- 
out, the cumulative deposition for the first 35 days from the Castle- 
Bravo, the March 1, 1954, thermonuclear detonation in the Marshall 
Islands, showing once again that the fallout lies largely in the belt 
of latitude in which the explosion takes place. In the case of the 
large explosions, it is likely that the stem of the nuclear cloud pro- 
vides most of the radioactive fallout in this period. 

What fraction of the radioactive debris is deposited in the first few 
weeks or months—aside from the local fallout? For the = Ne- 
vada tower shot, perhaps 75 percent, and for the high-yield ground 
explosion in the Pacific Proving Grounds, somewhere between 1 and 
5 percent. These figures are very uncertain. Thus for the high- 
yield explosions, the delayed fallout is more important than the 
tropospheric fallout. This is because about 80 percent falls out lo- 
cally, and when we add to this 5 percent more, we still have of the 
order of 15 to 20 percent, on the average, in stratospheric fallout that 
is still left after local and tropospheric fallout has ceased. 

Thus, for the high-yield explosions, the delayed fallout is more 
important than the tropospheric fallout. It is evident that the tropo- 
spheric fallout is not uniform over the globe, as you just pointed 
out, sir. 

STRATOSPHERIC FALLOUT 


Finally, those particles which do not fall out locally or in the first 
1 or 2 months, remain suspended in the atmosphere for a prolonged 
period—a matter of years, on the average. This has been termed 
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delayed or stratospheric fallout. These particles originate exclu- 
sively in the stratosphere. We do not know their size. The only 
thing we can say is that they must be quite small in order to remain 
airborne for such long periods of time. However, whether they are 
only carried downward from stratosphere to the troposphere by air 
motions or whether they also sink due to their weight, is not yet 
known for sure. From evidence I have seen, I would gues that there 
is a slow settling of the particles as fast as a mile or so per year— 
the principal removal is by downward atmospheric motions. 

The radioactivity which is inserted into the stratosphere can be 
transported by 1 or 2 atmospheric processes; first, mixing, and second, 
direct transport. To understand these, consider an analogy—how a 
blob of ink in a bathtub can be transported, where the bathtub is 
considered to be the stratosphere. In mixing, one can imagine that 
the bathtub is stirred so that the ink quickly covers the entire water 
of the bathtub. In the second way, direct transport, one may 
imagine that a cup is dipped into the bathtub and part or all of the 
blob of ink is bodily lifted from one part and inserted into another 
part of the tub. It is quite evident that the first process, mixing, 
tends toward uniformity, whereas the second simply transports a 
blob from one place to another without materially changing the con- 
centration. Our knowledge of the stratosphere is too limited to be 
sure of the comparative importance of these two processes. We are 
fairly sure that the vertical mixing—the exchange in the vertical— 
is very slow in the stratosphere due to the smoothness of the airflow. 

I believe that the main movement of radioactive particles in the 
stratosphere is the result of direct transport. Mixing is so slow that 
the stratospheric distribution is nonuniform, even after 2 years. 

There are several] meteorological fe nog of direct transport or 
circulation in the stratosphere. I believe that a recent one proposed 
by Dr. Brewer of England best fits the facts available to me. Brewer 
is referred to as having said that there is— 

* * * slow poleward circulation of stratospheric air from the equatorial 
regions. During the course of this circulation, the air may be carried to heights 
of the order of 30 kilometers—100,000 feet—the height being greater in the 
winter hemisphere * * *, 

The next placard (5) will show my interpretation of this circulation 
on the left-hand side. We see half of the globe and the tropopause as 
in earlier pictures. The H-bomb nuclear clouds in the Marshall 
Islands at 11° north, are shown schematically as one large red cloud. 
The wiggly arrows pointing southward indicate the possibility of 
southward mixing of a small part of the initial nuclear clouds into the 
Southern Hemisphere. In each hemisphere, we see the slow poleward 
circulation proposed by Brewer. I conclude that the bulk of the radio- 
activity in the stratosphere as in the Northern Hemisphere as illus- 
trated on the right-hand side of the placard (5) by the heavy shading. 
The uncertainty in Southern Hemisphere stratospheric content is re- 
flected by the question marks. I also believe that the bulk of debris is 
in the northern portions of the Northern Hemisphere rather than uni- 
formly spread wens the hemisphere. 

Having now transported our radioactive debris to a different part 
of the stratosphere, let us ask where and how the debris may leave 
the stratosphere to enter the troposphere. Here, again, we have 4 
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number of theories but no positive direct evidence. Ordinary vertica] 
mixing processes will remove debris from the stratosphere through the 
tropopause and into the troposphere at all latitudes. However, it is 
believed that the break in the tropopause which one frequently finds 
in the vicinity of the jet stream, the region of very high west to east 
speeds in the temperate latitudes of both hemispheres, is a place of 

referential exchange of air between troposphere and stratosphere, 

t is possible that it is in this area that much of the radioactive debris 
enters the troposphere. It has been also suggested that the formation 
of new and higher tropospauses, which may also occur with the passage 
of storms in the temperate latitude, will leave behind a considerable 
amount of stratospheric air to be incorporated into the troposphere, 
The tropopause of the polar regions of both hemispheres is often very 
indistinct, especially in winter and it has been suggested that removal 
can preferentially occur here. On the other hand, the equatorial 
tropopause is noted for its persistent intensity and a minimum of 
transport may occur through it. Meteorological theories, therefore, 
recommend more stratospheric removal in the temperate or polar than 
in the equatorial regions of the earth. The lengths of the arrows, 
which you see on the left-hand side of the placard (5) across the 
tropopause and through the tropopause break suggest the relative 
removal rates. 

Once radioactive particles enter the troposphere, their stay is short. 
The ordinary weather processes and settling out of particles removes 
them from the atmosphere in a matter of weeks or a few months, 
according to best opinions. On the next placard (6), we see some of 
the removal processes. Impact on vertical surfaces, such as trees or 
forests, on grasses of wheatfields, on sides of houses, side of hills, and 
so forth, removes particles from the troposphere. Further, and by far 
the most important removal mechanism, appears to be scavening by 
falling precipitation shown on the right-hand side of the drawing. 


THE UNIFORMITY OF FALLOUT 


With these introductory meteorological remarks out of the way, let 
us now return to our question of uniformity of fallout over the globe 
by particles which are part of the stratospheric or delayed fallout. 

The next placard (7) shows on the left hand side the individual 
soil sample strontium 90—that is the ordinate shows the amount of 
fallout—fallout values plotted against latitude from pole to pole, as 
of 1956. That is, we have a sample from one place with a certain 
latitude, having a given value, and it appears at the point on the graph 
which you see in front of you. The scatter of points is great, but the 
general sense of the points is given by the solid black line which is 
aA to represent a rough average latitudinal profile of strontium 
90 fallout. 

Mr. Eisenbud tomorrow will describe the limitations and uncertain- 
ties as well as the details of the soil sample results. The spread of 
points around the line reflects the peculiarities of atmospheric removal, 
that is areas of unusual rain or lack thereof, and idiosyncrasies of 
soil sampling and analyses which will be described later, by Mr. Eisen- 
bud. One should view the picture broadly, since the uncertainty in 
individual values may be large. 
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While this picture fits the meteorological description which I have 
just offered, namely greater fallout in the north temperature latitudes 
or between about 25° and 60° N., it would also fit a picture based on 
the assumption that the greater amount of fallout in the temperate | 
latitudes of the Northern Hemisphere comes from our small Nevada 
and the small Russian tests. The peak coincides almost exactly with 
the latitudes of these tests. However, the evidence suggests that the ! 

bump is the result of preferred fallout from stratospheric sources as ) 
well as from the small Nevada and Russian tests. . 
Senator Bricker. One question at that point, Doctor. ! 
Dr. Macura. Yes, sir. 
Senator Bricker. I noticed in the public press it is generally | 
believed that the recent rainfall in Washington which brought down 
some radioactive particles was from the Russian tests. Could you ) 
confirm that ? ) 
Dr. Macirra. To the best of our knowledge, the debris remains sus- 
pended in the atmosphere for a period of months, and this reported 
fallout very well could have been the result of the Russian tests. 
First, although the interpretation is uncertain, the magnitude of 
the bump calls for more fallout than could have been produced by our 
Nevada and the smaller Russian tests which have occurred up to the | 
time at which this drawing is applicable. Second, we have a measure | 
of the contribution of tropospheric fallout alone in the United States. 
In the fall of 1953, strontium 90 fallout was about 5 units compared 
with 25 or 30 units in the fall of 1956. By 1953, we had conducted 31 
of 45 Nevada tests, several Pacific tests series nad the U.S. S. R. had 
detonated a number of nuclear bombs. The tropospheric fallout since 
1953, in my opiinon, could not account for the 20 or 25 additional 
units of fallout which occurred betwen 1953 and 1956, considering the 
Nevada and tropospheric Russian fallout. 
This graph shows the cumulative amounts of fallout in the vertical 
plotted against time in months along the horizontal, and shows how 
| in New York City the strontium 90 fallout has been building up with 
time. 
For a third argument, the curve of fallout versus time derived from 
collections by an exposed pot in New York City is shown in the next 
placard (8). The changes in slope at various times are evident. It 
has been suggested that the gentle slope is due to continual drip from 
the stratosphere and the cliffs due to the additional temporary tropo- 
spheric fallout. 
Although this thesis is questionable, since the steep rises might be 
due to more rain at the time, and small tests were held in the U.S.S. R. 
during the periods of gentle slopes, one can get an idea of the ratio 
of tropospheric to delayed fallout using this concept. The gentle 
_ slope times the period of record yields the stratospheric fallout. The 
result is that about 50 percent of New York City fallout or 14 units 
is delayed and 50 percent tropospheric. Finally, in the case of rain- 
water collections at New York, shown on the same placard (8), it has 
been possible to analyze for a radioisotope of a short half-life from 
which a separation of young tropospheric and old stratospheric debris 
can be made. We find that most of this fallout must be attributed 
to delayed fallout. Unfortunately, the only radioisotope available, 
93299°—37—pt. 1——11 
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strontium 89, which has only about a 60-day half-life, is not measured 
as accurately as we would desire. 

I have belabored this point because, in the final analysis, the evi- 
dence for nonuniform stratospheric deposition should come from fall- 
out data itself and not from meteorological theories. I believe the 
evidence to be strong enough to indicate nonuniform delayed fallout, 
so that in future calculations, it should be taken into account. For 
example, consider the right hand side of the placard (7). The black 
solid line labeled (1) is a direct copy of the rough latitude profile 
shown on the left hand side. This is what we see on the ground from 
all sources in 1956 as best as I can interpret between the points. 

The dashed black line (2), below the observed curve, is an estimate, 
little more than speculation, of the distribution of stratospheric fall- 
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out up to 1956. The difference between the dashed line and the solid 
line is what the Nevada tests, the smaller Pacific and the smaller 
Russian tests have contributed. The lower curve is what has dripped 
out of the stratosphere. The bump in the north temperate latitude 
is not as pronounced in the stratospheric fallout curve. 

Two cases are now considered. The same amount of fallout has 
been added to the 1956 observed curve in both cases, an amount of 
stratospheric fallout about equal to the total already deposited. 
That is the amount given by the curve on the left, or from all sources. 
This is not to be construed as indicating that this is necessarily the 
amount yet to be deposited, but rather it is used for illustrative pur- 
poses only. The green curve labeled (3) shows a future profile if 
the same amount of fallout is added at all latitudes. This is the case 
of adding everything uniformly to the earth. The red curve (4) 
with the much more marked peak, shows a profile with pronounced 
nonuniform future fallout, as I would envisage it. The ratio of the 
peak value of the nonuniform to the uniform curves is almost 2; the 
nonuniform peak is about 3 times the world average. 

Representative Hottrrecp. If your theory is right on that, then this 
would have a direct effect upon the tolerance levels which we are 
talking about from a worldwide standpoint ? 

Dr. Macura. I am afraid I am not competent to talk about toler- 
ance levels, only about meteorology. 

Representative Hortrrerp. It would more than double, then, the 
previous estimate as to contamination, would it not? 

Dr. Macrrra. May I continue to give my viewpoint on what this 
actually does in the next paragraph ? 

Representative Hortrreip. All right. 

Dr. Macrira, In my view, these profiles represent the two extremes 
of distribution of future fallout if the present strontium 90 fallout 
is doubled. The true distribution should lie between the extremes. 

I do not know, in fact, whether the upper curve is correct or the 
lower curve, but I think there is a possibility the upper one is correct, 
and we should say the truth lies between the two. 

Representative Hortrierp. Is this an area where additional re- 
search is needed ? 


Dr. Macura. Yes: and I believe the AEC is conducting such 
research to try to pin this down. 


Chairman Duruam. How about your lower curve on the ground. 
That is correct, then ? 

Dr. Macura, I did not understand the question. 

Chairman Durnam. Your lower curve, is that accurate ? 

Dr. Macura. No. This is my speculation of what has come out of 
the stratosphere, too. 

Chairman Durnam. That is speculation too? 

Dr. Macura. That is correct; and you may see it is estimated as of 
1956. 

There is one more additional calculation, and this is that nonuni- 
form removal processes also result in nonuniform fallout patterns. 
Evidence suggests rainfall as being one of the major processes by 
which the particles are removed from the atmosphere. While agri- 
culture occurs primarily in rainy areas, there are also rainy areas as- 
sociated with the Icelandic and Aleutian low-pressure systems which 
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produce enormous amounts of rain over oceans and which are not as- 
sociated with any agricultural areas. Thus, it appears as though the 
amount of rainfall in the milksheds and other agricultural areas of 
the temperate latitudes of the Northern Hemisphere contain very lit- 
tle more rainfall than the average rainfall in the latitude belt in which 
they exist. However, the rainfall and fallout relationship, is by no 
means perfect. It is my view, for example, that air masses in which 
rain has just begun produce more fallout than the air which hag not 
been cleaned by previous rain. 
SUMMARY 


In summary, I would like to list our knowledge with regard to per- 
tinent meteorology and the uniformity of fallout. 

These facts are quite certain, and everyone agrees to them: 

1. Much of the long-lived radioactive debris from high-yield tests 
remains airborne in the stratosphere for years, not weeks or months, 

2. Tropspheric fallout lies mainly in the band of latitude of the 
test and is, therefore, not uniformly spread over the earth. 

3. The observed soil data in 1956 reveals nonuniform strontium 90 
fallout over the globe. On the average, there is more fallout in the 
north temperate latitudes. 

These points can be presented with varying degrees of confidence: 

1. After 2 years, debris in the stratosphere from our Castle test 
is still not uniformly distributed in the stratosphere. The upper air 
program of the Atomic Energy Commission can check this thesis in 
the near future. 

2. The stratospheric removal rate and the stratospheric distribution 
of radioactivity with time depends on the latitude and height of the 
injection. For example, a contaminant introduced just above the 
tropopause at 50,000 feet mean sea level at, say, 45° north will come 
out of the stratosphere much more quickly and in a less dilute form 
on the ground in the temperate latitude than injections in the Mar- 
shall Islands at, say, 80,000 feet. In other words, where and when 
it will come out depends on where you put it in. 

3. Delayed fallout has not been deposited uniformly over the earth. 
On the average, there is more delayed fallout in the north temperate 
latitude, even though the main injection was in the Tropics, that is the 
Marshall Islands. 

Finally, we know comparatively little about these points and the 
conclusions are speculative : 

1. The degree of nonuniformity of delayed fallout to date or in the 
future is unknown. One can put reasonable bounds on the peak value 
in the temperate latitudes given the amount of delayed fallout. 

2. I do not know whether there is also a preferential region of 
stratospheric fallout in the Temperature Zone of the Southern Hemis- 
phere, but I suspect there might be. 

3. The extreme local variability in fallout due to rainfall and other 
meteorological differences is not known for certain. I would guess 
that areas as large as milksheds, for example, would not have more 
than 2 or 8 times the average fallout for the latitude. On the other 
hand, the lack of rainfall and other removal processes can result in 
almost zero fallout. 

Due to the uncertainty in defining the degree of uniformity, I would 
recommend that predictions of future fallout be assigned a range of 
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values based on the 2 extremes just described, in the belief the truth 
should be between the 2 of them. 

Representative Horirrerp. Thank you very much, Dr. Machta for 
that very important presentation. Would you please remain for ques- 
tions? 

Are there any questions at this time of Dr. Machta? 

Representative Van Zanpr. Mr. Chairman? 

Representative Horirrrecp. Mr. Van Zanpr. 

Representative VAN Zanpr. Doctor, describe the jet stream to us. 
Is it spotty, or is it worldwide? 

Dr. Macurta. By and large the jet stream completely emcompasses 
the earth. There are areas in which the speeds are greater. How- 
ever, it is not the jet stream, as such, which is of importance to us, we 
think. What is important are the places where there are breaks in the 
tropopause because it is in these areas where horizontal mixing can 
take materials from the stratosphere and bring them into the tropo- 
sphere and not have to undergo vertical mixing. 

Representative Van Zanpt. Are they associated with seasons? 

Dr. Macuta. They are usually associated with the jet stream. In 
the wintertime in the United States, for example, they are located 25° 
or 30° north. Inthe summertime, they are much farther north along 
the United States-Canadian border. The altitude of the jet is about 
85,000 feet, give or take a few thousand. 

Representative VAN Zanpt. You have had experience with these 
tests in the Pacific, have you not, Doctor? 

Dr. Macuta. Some experience; yes. 

Representative Van Zanpr. Can you recall at any time immediately 
after the test when any phenomena developed at high altitudes, as far 
as weather is concerned ? 

Dr. Macuta. In the very local area in which the tests took place, I 
think there may have been a few showers, which perhaps may not 
have otherwise occurred. They never extended more than a few tens 
of miles, I believe, from the area of the tests. I actually was not 
present at any of the Pacific tests. 

Representative VAN Zanort. On the other hand, other than showers, 
was there any development of extraordinary winds? 

Dr. Macura. None to my knowledge, sir. 

Representative Van Zanpt. Some years ago, I think you were the 
coauthor of a paper that concerned a study made at the request of, I 
think, this committee regarding the effect of atomic tests on the 
weather. Would you comment on that paper at this time? 

Dr. Macura. Well, the research which we have conducted since 
then does not lead us to believe that our conclusions were in any way 
erroneous. We still find no connection between the testing of nuclear 
weapons and the weather. We must admit we are still ignorant on a 
number of features, and there always exists a remote possibility that 
something we are not aware of does produce weather. We know of 
none such. 

Representative Van Zanpt. Doctor, if my memory serves me cor- 
rectly, you said at that time, that, based on data available, we are 
simply passing through another cycle as far as world weather is con- 
cerned. Do you still hold this view ? 
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Dr. Macura. I think the fact we have gone from a drought in the 
Texas area to what you now observe is sort of evidence there are cycles 
in the atmosphere. 

Representative Price. Mr. Chairman? 

Representative Hotirretp. Mr. Price? 

Representative Price. Dr. Machta, you made a very interesting 
negative statement in here. I wonder if you would state it more posi- 
tively. If you do, it seems to me it would be one of the most salient 
points of your statement, one of the most interesting points. 

On page 10, under speculation No. 3, you say: 

I would guess that areas as large as milksheds, for example, would not have 
more than 2 or 8 times the average fallout for the latitude. 

Stating that positively, you would say they have about 2 or 3 
times as much ? 

Dr. Macnra. I do not feel the data which are available would allow 
one to be positive that there are areas in which the fallout is necessarily 
2 or 3 times as great. 

In the United Kingdom, for example, the fallout readings in 1955 
varied, I believe, from about 3.3 up to 10, and they found a very defi- 
nite, positive correlation with rainfall. The value of 3.3 occurred ina 
dry area, and the value of 10 occurred in a rainy area. However, what 
the average should have been for the overall area is not certain. 

Representative Price. Of course, these milkshed areas you are talk- 
ing about are the areas where you pick up the most calcium, and where 
strontium 90 will do the most harm to the human race. 

Dr. Macura. Yes. I do not think I used the word “milkshed” to 
indicate the rainfall is unusual in milksheds. I just wanted to indi- 
cate areas of that magnitude and size as having on the average not 
more than 2 or 3 times the total amount of rainfall for the general 
latitude band. I do not believe I can be any more specific than to 
indicate an upper bound. 

Representative Hottrieitp. Will the gentleman yield ? 

Representative Price. Yes. 

Representative Hoxtrretp. The point of your testimony there is 
that, of necessity, a milkshed must be located in an area where there 
is enough rainfall for the production of hay and other material which 
the animals eat, and you relate that to the fact that rainfall does 
bring down stratospheric, at least tropospheric radioactive particles. 
It is upon that sequence of suppositions that you make the statement 
there would be more radioactivity in that area rather than in a desert- 
like area where there is no rainfall ? 

Dr. Macura. The data quite clearly prove that thisisso. In Braw- 
ley, in the Imperial Valley Desert, the values are running much 
lower than they are for the rest of the United States. 

Representative Hortrretp. That comes from scientific readings? 

Dr. Macuta. These really are actual measurements of the soil con- 
tents, sir, as reported by Dr. Libby and others. 

Representative Hortrrerp. Mr. Durham. 

Chairman Duruam. Dr. Machta, what you said here this morning 
not only applies to the United States, but has application worldwide! 

Dr. Macura. This is entirely so, sir. 

Representative Hortrretp. Do you have any evidence or informa- 
tion regarding the readings of fallout in Japan? 
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Dr. Macura. I would rather that this question be answered by Mr. 
Fisenbud tomorrow, since he is aware of the details and of the limita- 
tions of the data, sir. 

Representative Van Zanpt. Dr. Machta, at this point, may I inquire 
as to whether or not the information you gave us this morning, is In 

any Way, shape, or form coordinated w ith | the information that may 
have been passed on to you by foreign countries ? 

Dr. Macuira. 1 believe that one of the points plotted here is taken 
from a published report from the United Kingdom. Mr. Eisenbud, 
again, is in a better position to advise you of the information in 
foreign countries than I am. 

Represent: itive Honirienp. We will go into that in detail with him, 

then, if you prefer. 

Dr. Macura, Yes. 

Representative Horirrenp. Because there are several important 
questions in that area. 

Dr. Macura. 1 think he would be much more competent in answer- 
ing these. 

Re presentative Horirrenn. Are there any further questions? 

Senator Bricker. Mr. Chairman ? 

Representative Horrermenp. Mr. Bricker. 

Senator Bricker. Doctor, there are scientists who disagree with you 
about the intermingling in the atmosphere and the uniformity of 
fallout over the world ultimately, are there not ? 

Dr. Macnura. I am not aware of any that disagree. I may point 
out that we had a meeting a number of weeks ago w ith the Meteorology 
Panel of the National ‘Academy of Sciences Committee on the Bi- 
ological Effects of Atomic Radiation, at which we discussed this, and 
I believe that the tenor of conclusions raised by that committee is what 
I have presented in my paper. I am not aware of other meteorologists 
who would take exception to my statement. 

Representative Price. Mr. Chairman ? 

Representative Hontrrerp. Mr. Price. 

Representative Price. Dr. Machta, how did you make this study? 

Dr. Macura., You mean what led me to the conclusions indicated 
here? 

Representative Pricer. Not only to the conclusions, what is your 
actual operation, the method of sampling 

Dr. Macuta. Ofs ie" appancet 

Representative Price. Yes 

Dr. Macura. I believe again this is what Mr. Kisenbud will dis- 
cuss tomorrow. He can verify + and talk of the validity of the data. 
Iam sorry. I have simply been given the information, and I am 
interpreting it in terms of meteorology. 

Representative Hlorirmevp. In genet ral, you can say it is from sam- 
pling of the soil in different areas of the earth's surface? 

Dr. Macuta. Yes. 

Representative Horrrrenn. And from atmospheric samples? 

Dr. Macuta. Yes, sir. This is in general what it is. The details can 
oe later. 

enator Pasrorr. Would you say the same as to your conclusion or 
speculation as to the gather ing of this cloud in the Northern Hemis- 
phere, that is, even from the shots that were at Marshall Islands? 
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Or do you know it is there up in the stratosphere, this deep concentra- 
tion you talked about ? 

Dr. Macuta. In the stratosphere ? 

Senator Pastore. Yes. I mean, in your statement here, you rely a 
great deal on Dr. Brewer of England. 

Dr. Macuta. Yes. 

Senator Pastore. To what extent do you rely on him? What do 
you know of your own knowledge scientifically as to the existence of 
this contaminated material in the stratosphere in concentrated form in 
the Northern Hemisphere, even though the injection was in the tropical 
part of the earth ? 

Dr. Macura. The answer to this question, sir, is that I do have 
information which I have not presented to the committee, which is 
classified, and which leads me to believe it very strongly. 

Senator Pasrorr. I do not want to get into classification now. I 
want to get how much of this is speculation, and how much of it is 
facts. 

Dr. Macnura. The hypothesis of Dr. Brewer is speculation, sir, 
However, I do have other classified information which leads me to be- 
lieve that the picture which he has drawn is in fact the truth. 

Senator Pastore. You mean predicated upon the fact that you 
know it is there? 

Dr. Macuta. Yes, sir. 

Senator Pastore. Then, insofar as Dr, Brewer is concerned, you 
are merely speculating as to what brings it there ? 

Dr. Macura. Correct, sir. He was offered the mechanism which 
accounts for the facts at my disposal, I try to proceed as a meteorolo- 
gist would, sir. 

Representative Hotirretp. Asa layman, let me ask you this question: 
Is it not possible that we can obtain radioactive particulate from the 
stratosphere to sample? 

Dr. Macnra. This is already being done by the Atomic Energy 
Commission, sir. 

Representative Horirretp. So we are not speculating on what there 
is in the stratosphere. We know what there is in the stratosphere, 
as far as our samples indicate? 

Dr. Macura. No, sir; I do not think the answer can be given that 
way. The AEC upper air program as yet does not have results which 
can clearly prove or disprove the hypothesis I have presented. It 
will have this information in the very near future. 

Senator Pastore. We have Dr. Brewer’s thesis or theory that there 
is an element or a phenomenon that even though this injection was 
in the tropical part of the earth, it has directed itself toward the polar 
regions. 

Dr. Macnra. Correct, sir. 

Senator Pastore. Now, in order to develop that theory, you have to 
know what is up there? 

Dr. Mactira. Correct, sir. 

Senator Pastore. Otherwise, the theory means nothing? 

Dr. Macnta. Yes. 

Senator Pastore. Therefore, you do know it is there? 
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Dr. Macura. From other information that is classified. It is not 
the information I was just describing to Mr. Holifield. That will be 
unclassified. 

Senator Pastore. We know it is there. 

Dr. Macutra. Reasonably well. I will not say positively, but in- 
formation available to me and to others—incidentally not myself 
alone—would suggest that is where it is located. 

Senator Pasrore. If we did not know it was there, Dr. Brewer’s 
theory would not amount to anything? 

Dr. Macura. That might be so, sir. 

Senator Pasrorr. Well, it is so, sir. 

Dr. Macuta. Well, there are other possibilities, For example, it 
conceivably could have 

Senator Pastore. Otherwise you would have a hypothesis upon a 
hypothesis that leads to nothing. 

(Conference between Senator Pastore and Representative Holifield.) 

Senator Pasrorr. Well, all right. 

Representative Horrrietp. We understand, sir, that you are under 
certain prohibitions in making testimony in public session, and I am 
sure this matter can be resolved in executive session. 

Dr. Macura. Surely, 

tepresentative Price. Mr. Chairman? 

Representative Hourrierp. Mr. Price. 

Representative Price. In reading a recent speech delivered by one 
of the Atomic Energy Commissioners on variations of strontium 90, 
he said: 





Yor air-fired megaton weapons our present indication is that the fallout is 
almost worldwide; and for reasons of simplicity, and in the absence of better 
information at the present time, we work on the model that this is a uniform 
distribution over the entire world of the material that falls from the strato- 
sphere. 

The way I read your statement, you do not quite agree with that. 

Dr. Macuta. In my view, sir, the information which is just now 
available, and which has been presented here, and which probably 
has been developed subsequent to the statement you have made, sug- 
gests otherwise. 

Representative Price. This is a very recent speech. This speech 
was delivered in the latter part of April of this year. 

Dr. Macuta. The data were given to me only about last week or 
so, sir. This is the data in which the particular model I formulate 
has been put together, sir. 

Representative Price. This was delivered before the spring meeting 
of the American Physical Society by Dr. Libby. It is at variance 
with the statement you made here this morning. 

Dr. Macura. I believe the entire Sunshine program—“Sunshine” 
referring to the stratospheric or lifelong hazard from radioactive 
debris—is one which is in continual development, and this is not the 
only area in which modifications of the model and theories have been 
worked out as new data are obtained. 

tepresentative Horirrecp. Are there further questions? 

If not, we will excuse you, and thank you very much, Dr. Machta, 

for a very challenging presentation. 
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Your article on World Wide Travel of Atomic Energy Debris wil] 
be inserted at this point. 


[Reprinted from Science, September 14, 1956, vol. 124] 
Wortp-Wipe Travet of ATOMIc Desris 
L. Machta, R. J. List, L. F. F. Hubert? 


For centuries meteorologists have thought of exploring large-scale atmospheric 
circulations by means of tracers. The literature describes how man has success- 
fully tracked fluorescent particles to a distance of 100 miles,’ used radioactive 
tracers across the United States,’ and followed volcanic ash and forest fire smoke 
over distances of the order of 1000 miles.f Only the dust from a major volcanic 
eruption, such as Krakatao, has been tracked on a truly global scale. 

During two of the nuclear test periods in the Pacific Proving Grounds of the 
U. S. Atomie Energy Commission, sufficient radioactive debris was thrown into 
the atmosphere to be deposited in both hemispheres. Measurements of the de- 
posited radioactivity were obtained from exposed sheets of gummed film. The 
details of the network and the sampling and measurement techniques have been 
described by Eisenbud and Harley.’ It should be noted, however, that the depo- 
sition of particles on the adhesive surface depends either on the presence of 
precipitation or, in dry weather, on turbulence to assist the impaction of the 
particles on the horizontal surface of the paper. It is thus possible to have a 
cloud of radioactive particles pass two stations simultaneously and have only 
the station with rain note the presence of the particles overhead. The gummed- 
film method of collection is recognized as being as crude as it is simple. 

The nuclear explosions are treated in this article, the Mike shot on 1 November 
1952 and the Bravo shot on 1 March 1954. The shots were similar in that both 
are described as having had energy in the megaton range, both were detonated 
at or near the earth’s surface on a coral island, and both had atomic clouds that 
penetrated into the stratosphere. To the meteorologist, the main difference of 
interest between the two events is the season. 


WINDS 


The winds acting on the two atomic clouds at the time of detonation are illus- 
trated in Fig. 1. The wind structure has been estimated, when necessary, from 
observations at nearby locations and times. On both days the tropopause was 
found at an altitude of about 55,000 feet, and it separated winds blowing from 
different directions. The easterly winds above the tropopause increased in 
speed to the highest altitude of the available wind information for the Bravo shot, 
while for Mike the easterly winds decreased in speed and ultimately changed 
to westerly winds. The easterly winds in the trade-wind layer, the moist mari- 
time air mass lying near the sea, extended up to about 20,000 feet during the 
detonation of the Mike device, while for the Bravo shot they were below 10,000 
feet. Between the trade-wind layer and the tropopause, one normally finds 
westerly winds. During the Mike shot these westerlies were temporarily inter- 
rupted and became southerly winds, while for the Bravo shot they were toward 
a more normal bearing. 

In Fig. 2 is found the approximate area covered during the early days by 
that part of the nuclear cloud from the Mike shot which was located below the 
tropopause. The shaded areas in Fig. 2 have been deduced from meteorological 
considerations alone, and, in many cases, are subject to considerable uncertainty. 
Shading was discontinued when the meteorological data uo longer warranted 
any reasonable estimate of the path. The light winds and sparsity of upper-wind 
observations have made tracing the upper tropospheric portion of the Mike cloud 





1The authors are on the staff on the U. S. Weather Bureau, Washington, D. C. 

2k. R. Braham, B. K. Seely, W. D. Crozier, Trans. Am. Geophys, Union 83, 825 (1952). 
®R. J. List, Bull. Am, Meteorol. Soc. 35, 815 (1954). 

4H. Wexler, Weateherwise 3, 129 (1950). 

5M. Eisenbud and J. H. Harley, Science 124, 251 (1956). 
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particularly uncertain. For this reason, the time of passage across the North 
American mainland is unknown. Tracing was discontinued on 7 November. The 
tradewind portion of the nuclear cloud appears to have split south of Japan, the 
upper portion (near 20,000 feet) curving around a Pacific high cell and entering 
the United States about 9 November. 

The estimated meteorological path of the Bravo cloud is shown in Fig.3. The 
upper tropospheric portion of the nuclear cloud was traced to the Central Ameri- 
can area by about 5 March, and an offshoot extending northward into the 
United States at about 20,000 feet was detected approximately 1 week later. 

Differences between the paths of the Mike and Bravo clouds are evident from 
Figs. 2 and 3. In part, the differences are seasonal and in part due to the spe- 
cific meteorology for the shot days. Thus, in November the mid-tropospheric 
westerly winds are not as strong as they are in March, and they are located 
farther north, on the average. Further, in November one finds an anticyclonic 
circulation not far from the Marshall Islands which is not typically present in 
March. The shallowness of the trade-wind layer during the Bravo shot is an 
example of a feature unusual for the region during any season. 

There has been no attempt to track the stratospheric portions of the atomic 
cloud because of the sparsity of wind observations at these altitudes. Evidence 
from numerous isolated high-level winds, not necessarily obtained during the 
periods of the two nuclear tests, suggests a path that would travel around the 
earth at about the same latitude as the point of origin. It is interesting to note 
that in no case was it imperative to rely on stratospheric transport of the nuclear 
debris to account for the earliest arrival at any point, for the transport of the 
nuclear cloud in the troposphere appeared to account for the first observations 
of radioactivity. 

An attempt to determine the earliest arrival time at the ground at each point 
of observation has been undertaken. The results, which are shown in Figs. 2 
and 8 as the number of days after the shot day, should in many cases be viewed 
with caution. First, in many of the stations in the Southern Hemisphere, the 
deposited activity was so low that it made the arrival date almost meaningless. 
Second, despite elaborate precautions, it is likely that some gummed films were 
contaminated during handling. Finally, as noted in the second paragraph the 
apparent arrival time of the cloud at many stations coincided with rainfall, 
suggesting that the nuclear cloud may have been overhead some time earlier but 
that precipitation was required to bring its activity to earth. 


FALLOUT 


It is noted that, in accordance with the meteorological estimates, the fallout 
over the United States progressed roughly from west to east during the Mike 
shot. Fallout from the Bravo event did not appear at the West Coast stations 
in the United States until 2 weeks after one of the cloud protuberances entered 
the central United States. Of perhaps greatest interest, although also of greatest 
doubt, are the comparatively early arrival times in the Southern Hemisphere. 
Thus, for example, a literal interpretation of the chart reveals that every station 
in the Southern Hemisphere showed an earlier arrival time than did the United 
States West Coast stations for the Bravo case. Also of interest are the com- 
paratively late arrival times for the mid-Pacific stations west of the Hawaiian 
Islands during the Mike fallout. These stations were south of one branch of the 
nuclear cloud and north of the other, 
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Ficure 1.—Upper winds at shot time. Arrows blow with the winds, and barbs 
indicate wind speed ; full barb, 10 knots; one-half barb, 5 knots. 
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The actual fallout at each station and an analysis of the data are shown on 
Figs. 4 and 5. The units are cumulative decayed beta activity for the first 35 
days following each event and are approximately equivalent to millicuries per 
100 square miles (the values have not been corrected for the efficiency of the 
gummed film.) Several features that differentiate the two maps should be noted. 
First, an average value for all United States and Canadian stations was obtained 
for the Mike shot, as opposed to values for individual stations during the Bravo 
shot. Second, the isolines located between points on the West Coast of the 
United States and points in the Western Pacific Ocean are also based on fallout 
observations obtained from transport vessels for Bravo. Finally, as is evident, 
the network was expanded between the two events, primarily in an attempt to 
locate stations in rainy areas. In many cases, when the period of record is in- 
complete or the data are suspect, parentheses have been placed around the num- 
ber. No attempt has been made to reconstruct the isolines for the fallout tl-at 
occurred within the first 24 hours of the shot. 

The comparatively small values obtained at the Southern Hemisphere stations 
especially during the Mike shot, are immediately evident from the fallout maps. 
The northern part of the Northern Hemisphere, however, received equally small 
depositions, The distribution of fallout for the Pacific stations appears to be 
consistent with the features of the meteorology described, although the branching 
of the cloud south of Japan in the Mike pattern is based only on scanty observa- 
tional evidence. 

It is apparent that radioactive debris produced by nuclear explosions does not 
possess all the desired attributes of a tracer for studying global circulations. In- 
formation concerning the magnitude and distribution of the radioactivity that 
remains airborne after the initial fallout is not available. The debris, being par- 
ticulate, is washed out of the atmosphere and cannot be strictly treated as a con- 
servative property. Thus, for example, the depositions in the Southern Hemi- 
sphere may have been low because most of the debris was rained out as it passed 
southward through the Intertropical Convergence Zone. In addition, the most 
effective sampling program for the debris provides only the crudest measure of 
the fallout. Yet, despite these limitations, it appears that the meteorologist 
can obtain useful information by operating such a network of gummed films dur- 
ing nuclear test periods. Although it is not proposed that special nuclear tests 
be undertaken for meteorological purposes, it seems reasonable to expect even 
greater Value from future tests using an expanded network and having detona- 
tions at other locations and times, 
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Our next witness is Dr. Gordon Dunning from the Division of 
Biology and Medicine of the Atomic Energy Commission, 

Dr. Dunning will testify on the topic of Local Fallout: The Mech- 
anisms by Which It Can Affect Man and the Measures He Can Take 
to Minimize Exposure. 

Dr. Dunning, we note that you have a distinguished biography, 
and your biography will also be inserted with your remarks. 

The committee will be in order. The acoustics in this room are 
very bad, and we will ask our guests to be as quiet as possible so all 
can hear. We will ask the witness to speak up a little bit louder than 
usual in his testimony so that all the people can hear. 


STATEMENT OF DR. GORDON M. DUNNING, DIVISION OF BIOLOGY 
AND MEDICINE, ATOMIC ENERGY COMMISSION * 


Dr. Dunntna. Mr. Chairman, since there is so much relevant mate- 
rial on this subject, if it pleases the committee, I would like to submit 
the rather voluminous written report for the committee. 

Representative Hortrretp. Without objection, this report and a 
letter from David T. Shaw, Assistant General Manager of the AEC 
will be received for printing in the record, and you may give such 
summary as you feel necessary. 

(The documents referred to follow :) 


RApratTions From FALntout AND THEIR Errecrs 


Gordon M. Dunning, Division of Biology and Medicine, United States Atomic 
Energy Commission, Washington, D. C. 


FORMATION OF RADIOACTIVE PARTICLES 


At the time of detonation of a nuclear weapon, about 60 different isotopes are 
formed, representing some 35 elements. Most of these give rise to decay chains 
consisting of several isotopes so that there may be 170 isotopes produced even- 
tually. 

In terms of activity, a 1-megaton detonation (1 million tons) TNT equivalent 
energy produced by fission of atoms will result in about 300,000 megacuries of 
radioactivity. measured 1 hour after the burst. In addition there may be present 
induced radioactive isotopes resulting from the reaction of neutrons released at 
the time of detonation, with natural materials such as soil and water. (A fusion 
reaction produces no radioactive substances directly but may cause induced ac- 
tivity because of its release of neutrons.) The total radioactivity of the products 
of a fission reaction will greatly exceed that of the activity induced in the soil or 
water. In the case where the fireball clears the ground, there will be a rela- 
tively small percentage of the total fission product activity deposited around 
ground zero and the neutron-induced activity probably will be much greater. 
However, none of the neutron-induced isotopes that might be produced in ap- 
preciable quantities have long half-lives. 

Shortly after a nuclear burst, some of the radioisotopes combine with oxygen 
to form negative radicals while the halogens form halides which combine with 
the strongly electropositive elements to form compounds. The noble gases such 
as radiokrypton and radioxeon remain in the atomic state until they decay to a 





?PDate and place of birth: September 11, 1910; Cortland, N. Y. Education: State 
Teachers College, Cortland, N. Y., 1929-33; New York University (6 weeks), 1933; State 
Teachers College, Cortland, N. Y., 1954-86; M. S. (Sei. Edu.), Syracuse University, 1941; 
doctor of education, 1948. Work history: Teacher, Middletown, N. Y., 1987-41; U. S. 
Army (Lt. Col.), 1942-46; instructor, New York Agricultural and Technical Institute, 
Alfred, N. Y., 1947-48; teacher, Phy. & Phy. Sci., Indiana, Penn., 1948-51; AEC, 
Biophysics Rea. Anal. Div. B&M, 1951-53; AEC, Biophysicist, Division of Biology and 
Medicine, 1953 55; AEC, Radiation Effects Specialist, Division of Biology and Medicine, 
1955—. (Submitted by the Atomic Energy Commission.) 
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daughter isotope which can form an oxide or halide. With the rapid cooling of 
the fireball, there is condensation of the isotopes and inert materials, 

In the case of an air burst there will be available only small quantities of rela- 
tively fine particles of dust in the air and debris from the bomb casing to act as 
a transport vehicle for the radioisotopes. When the fireball intersects the ground 
the intense heat melts or vaporizes large quantities of soil and transports them 
aloft to act as carriers for the condensing radioisotopes. A characteristic toroidal 
motion sweeps this debris in and around the fireball where the melting tempera- 
ture is reached and the particles come in contact with the fission products still 
in gaseous form. Subsequent cooling results in the radioactive isotopes becom- 
ing associated within and on the surface of the particles. It has been estimated 
that from 50 to 90 percent of these particles are between 50 and 1,000 microns 
in diameter. Of these, probably less than half of the larger particles falling out 
near the site of the detonation will possess any activity, since most particles will 
not reach sufficiently high temperatures to incorporate the radioactive materials, 
and dry, relatively cool, soil is a poor scavenger. 

The high yield weapon detonated at the Pacific proving ground in the fall 
of 1952 resulted in a crater in the coral nearly a mile in diameter and 175 feet 
deep. Although a minor factor in the crater production might have been the 
compression of the coral by the blast, probably more than a hundred million tons 
of material were dislodged and thrown into the air. The exact results might not 
be reproduced for a detonation over continental land areas or built-up cities but 
in general the effects would be similar. 


DISTRIBUTION OF RADIOACTIVE PARTICLES 


For nominal bombs (in the range of 20-kiloton yield) the atomic cloud will not 
rise above the tropopause. (The tropopause marks the level below which is the 
turbulent airflow of the troposphere and above which is the relatively stable non- 
turbulent air of the stratosphere). The cloud from a high yield weapon will pene- 
trate into the stratosphere as illustrated by the photograph on page 196 of the det- 
onation during Operation Ivy in the fall of 1952. Two minutes after the explosion 
the cloud had risen to 40,000 feet and 10 minutes later neared its maximum height 
of over 100,000 feet. The smaller particles carried into the stratosphere will 
settle only very slowly until they reach the troposphere where the turbulent air 
and rainfall will carry them much more rapidly to the earth’s surface. 

The stratospheric storage is uniquely significant since the mixture of radio- 
isotopes present there is enriched in strontium 90, the element of most concern 
for long-term hazards. This is because strontium 90 has a gaseous precursor 
krypton 90 with a half life of 25 seconds. Thus, at the time when conditions are 
optimum in the fireball for the oxides and halides to become associated with 
molten inert particles, only a fraction of strontium 90 has formed and the gaseous 
krypton parent is largely carried into the stratosphere. This results in the nearby 
fallout (within several hundred miles downwind) being partially depleted in 
strontium 90 while at more distant areas will be enriched. 

The activity placed in the stratosphere circles and recircles the earth, first at 
the same general latitude as the burst and then slowly spreading laterally. At the 
same time there will be a slow diffusion into the tropopause. Initially, there will 
be more deposition in the same hemisphere (northern or southern) in which the 
burst occurred but after many months the rate of deposition may become more 
generally uniform over the entire earth’s surface. In terms of strontium 90 about 
10 to 20 percent of the activity remaining in the stratosphere may descend each 
year. 

The distribution of the nearby fallout (up to several hundred miles down- 
wind) from high yield weapons detonated near the earth’s surface will be deter- 
mined principally by particle size, initial position in the stem and cloud, and by 
the wind structure at various altitudes. The particle sizes and the distribution of 
these particles within the stem and cloud are principally functions of the yield 
of the bomb, the nature of the surface over which the burst occurs and the quan- 
tity of material vaporized. There are uncertainties in our knowledge but figure 1 
presents one generalized concept of such an initial distribution. Although the 
cloud may be 100 miles in diameter the activity probably is not uniformly dis- 
ee but rather is more concentrated near the central and lower portions of 

e cloud. 

The influence of the wind structure at various altitudes on the ground distribu- 
tion of the nearby fallout is qualitatively represented in figure 2, The last sketch 
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in figure 2 illustrates the effects of the “shearing” action of the winds when they 
travel in different directions and/or speeds at the various altitudes through which 
the particles must fall. Due to these wind conditions, it is possible to obtain fall- 
out patterns ranging from one looking like an ink blot around ground zero at one 
extreme, to other situations where the fallout material is spread in a long thin 
finger. In general, the pattern may be expected to approximate an ellipse. 

It is clear that such variables as wind conditions and the yields of nuclear 
bombs and their positions of detonation above different types of surface make 
it possible to predict fallout patterns precisely. In the case of nuclear weapons 
testing these variables are either known or can be predicted with good accuracy, 
However, in civil defense planning, certain assumptions concerning these varia- 
bles must be used in estimating not only a single fallout pattern, but also pos- 
sible overlapping patterns in the event of multiple detonations. 


RADIATIONS AND FALLOUT 


In describing and evaluating the effects of fallout patterns, it is necessary 
to consider the characteristics of the radiations emitted from the radioactive 
material. These are of three types: Gamma rays, beta particles, and alpha 
particles. Gamma rays are the emissions of principal concern, because of their 
greater penetrating power. The most energetic beta particles travel only a few 
yards in air and are of concern only when the fallout materials remain in con- 
tact with or in very close proximity to the skin, or when tne emitting materials 
find their way into the body. The amount of alpha-emitting isotopes associated 
with fallout material is considered to be of relatively minor consequence. 


EXTERNAL GAMMA EXPOSURE 


The gamma radiation dose that one may actually receive and the biological 
effects are dependent upon a number of factors, as follows: 


1. Radiological decay 


The decrease in radioactivity of fallout material roughly follows the relation- 
ship of (time)~** This means that, for every sevenfold lapse of time after a 
nuclear explosion, there will be a tenfold reduction in dose rate. For example, 
if fallout occurs 1 hour after a detonation, such as might occur for 20 or 30 
miles around ground zero of a high-yield weapon, the dose rate will be one- 
tenth of its initial value by the seventh hour. An additional tenfold reduction 
would require 7 times 7 hours or approximately 2 additional days of waiting, 
The theoretical’ dose accumulated from the first to seventh hour after detona- 
tion would be approximately the same as that from the seventh hour until 1 
week later. Further, this first-week dose would be about twice as great as the 
entire remaining dose possible for the lifetime of the activity (fig. 3). This 
rapid decay suggests the benefits of protection in the early periods after fallout 
and, where possible, delay of entry into a contaminated area. 

In localities downwind where initial fallouts might not occur until, say, 24 
hours after a detonation, the situation would be somewhat different, in that the 
radioactive decay would be slower. For example, consider the cases where fall- 
out occurred at (@) 1 hour, and (U) 24 hours, after a detonation. One day after 
fallout the dose rate in the first case would be one-forty-fifth of its initial ac- 
tivity (1st hour), but in the second case the dose rate would have decreased 
to only slightly less than one-half of its initial activity (24th hour). 

The above estimates are based on an assumed radiological decay of (time). 
This is reasonably accurate for early periods of time after detonation, but the 
decay may start to vary significantly from the theoretical curve after several 
months have elapsed (fig. 4). At times later than shown in figure 4 the decay 
curve would be expected to flatten out due to the presence of long-lived cesium 
137 (27-year half life). 

2. Weathering and shiclding effects 


The magnitude and time of occurrence of weathering and shielding makes it 
impossible to establish a single establishment of a precise rule of effects covering 
all situations, impossible, yet, these factors are operative in determining the 
total exposure received from fallout, 





1Calculations of theoretical doses are based on (a) the radioactivity decreasing accord- 


ing to (time) 1.2, (b) there is no loss of activity by weathering effects, and (c) the person 
is out of doors for the time considered, 
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One example of weathering effects was after the March 1, 1954, fallout on the 
Marshall Islands in the Pacific. Figure 4 shows the gamma dose rates on the 
island of Rongelap over a period of about 2 years. In the first 10 days when the 
winds were light and there was no rainfall, the decrease in activity was roughly 
consistent with known radiological decay rate. The break between the 10th and 
25th day undoubtedly represents the effects of rain which was known to have 
occurred in that period. Figure 4 suggests, however, that any further reduc- 
tion in contamination by rainfall was slight. 

An example of the effects of winds, occurred after one of the nuclear detona- 
tions at the Nevada test site in 1953. Strong winds blew almost at right angles 
across a narrow band fallout field on the 2d and 3d day after the detonation. 
The gamma dose rates at 3 feet above the ground on the 4th day were less than 
predicted by the relationship of (time) by factors ranging from 3 to 6, while 
the activity of the soil samples collected on the first day and taken into the lab- 
oratory did decrease approximately as (time) **. This effect of winds would 
not be expected to be as great for large contaminated areas of nonsandy soils. 

Calculations of shielding and attenuation factors for different types of mate- 
rials and theoretical calculations for various structures are plentiful (references 
through 11) (table 1), but more information based on actual field experience is 
needed. Limited data were obtained during Operation Teapot (spring 1955) 
where film badges were placed inside and outside of buildings for several days. 
The ratio of out-of-doors to indoors doses ranged from 1.3 to 7 with 1-room frame 
buildings providing the least attenuation factor and multiroom concrete block 
buildings the greater values. This program will be expanded during Operation 
Plumbbob as will the program of estimating personnel exposure by having a 
large number of people living around the Nevada test site wear film badges dur- 
ing and following the test series. 


8. Gamma energy spectra 


The relative biological effectiveness of differing energy photons and their 
varying depth-dose curves has been shown for X-rays (12). Similar results have 
been obtained for gamma rays as illustrated by one set of experiments (13) using 
burros where there was a shift of LD 50/30 values (lethal dose to 50 percent of 
the exposed animals who died in 30 days) from 684 roentgens with cobalt 60 
(1.25 Mev mean energy) to 585 roentgens with Zr-95—-NB-95 (~0.7 Mev mean 
energy). The gamma energy spectra from the mixture of isotopes in fallout is 
quite complex and is further complicated by the presence of scattered radiation, 
with its lesser energies, mixed with the direct radiation. Figure 5 illustrates 
the estimated gamma spectra at 3 feet above the ground following the detona- 
tion of March 1, 1954, at the Pacific Proving Ground (14). 


4. Geometry of the source 


The geometry of the source can make a significant difference in depth-dose 
curves and resultant biological effects. This may be illustrated by one experi- 
ment using swine where the LD 50/30 values for external dose decreased from 
500 to 350-400 roentgens when the exposure was changed from unilateral to 
bilateral (the radiation exposure was first on one side only, then from opposite 
sides of the subject) (12). With a fallout field, the source probably would be 
more radial, thus a roentgen as measured in air would have more biological 
eifect than one where the source is unilateral such as from the immediate radi- 
ations at the instant of a burst (although there is some scattered radiation), or 
from X-ray machines which have been used frequently with unilateral beams in 
developing data on biological effects of radiation. 


5. Biological repair factor 


It has been recognized that, in general, the longer the period over which a 
given radiation dose is delivered, the less is the resultant biological effect, ex- 
cept for such aspects as the genetic effects and life shortening. In situations of 
heavy fallout and relatively large potential radiation doses, the biological repair 
factor may be considered in estimating incapacitating and lethal doses. Since 
past experiments usually have been designed for other purposes, the data from 
these do not readily elucidate the rate of repair or the proportions of reparable 
and irreparable damage resulting from differently timed doses. Varying rela- 
tionships have been demonstrated, depending upon the species or even the strain 
of animal, as well as the criteria selected for study, such as skin damage, life 
shortening, and LD 50 values. Our present knowledge does not permit establish- 
ment of a precise overall relationship for timed doses versus biological effects ; 








174 RADIOACTIVE FALLOUT AND ITS EFFECTS ON MAN 


yet there are sufficient convincing data to permit an attempt at estimating the 
eifect of this phenomenon. 

Blair, Smith, Sacher, Davidson (15, 16, 17, 18, 19) and others have made 
extensive analyses of existing data on the effects of time-spaced doses for several 
species of animals. Generally, the recovery rate for larger and longer lived 
mammals, such as dogs, is significantly less than for mice. One estimate places 
the half-time recovery for man as long as 4 weeks (the time for one-half of the 
biological damage to be repaired) (19). 

Since the estimated rate of biological recovery for man {is relatively slow, 
this factor would have its greatest influence where a given total radiation dose 
was delivered over long periods of time. This would be the case where the fall- 
eut occurred at later times after detonation rather than close-in areas where 
the fallout is essentially complete in about an hour after the burst, and about 
one-half of the total possible dose is delivered in the first 24 hours. 


NEARBY FALLOUT FROM HIGH YIELD WEAPONS 


As an exercise during the National Association of Civil Defense Directors 
meeting in Washington, D. C., on April 15-17, 1957, it was assumed the 4 bombs 
were dropped simultaneously as follows: 20 megaton on the Union Station 
Washington, D. C., 5 megaton on the National Airport, 20 megaton on Balti- 
more, Md., and 10 megaton on the Patuxent River Naval Air Station. The map 
on page 195 shows that combined fallout from these 4 bombs. The isodose 
rate lines are in units of roentgens per hour at 1 hour after detonation. By 
this time essentially all of the fallout would have occurred in these nearby areas. 

Recalling that the radioactive decay is rapid for this fallout that occurs early 
after detonation, it becomes evident that if adequate protective areas are avail- 
able it would be wiser for people to remain in place, rather than be exposed 
out of doors during the period of highest activity. Likewise, if a delay in move- 
ment is possible there will be more of an opportunity to evaluate the situation, 
and to then affect an orderly evacuation. 

Since each situation will be unique, no rigid criteria will be proposed here for 
permissible exposures or for mandatory evacuation, since there may be other 
factors present as potentially hazardous as radiation. Rather, table 2 was 
developed to illustrate the kind of thinking and planning possible for civil 
defense. Three levels of exposure to civil defense workers are shown. The 
lowest of 25 roentgens is much higher than is permitted in peactime, yet most 
personnel will retain their full working capacity even with exposures up to 100 
roentgens. 

Table 2 suggests several points relative to rescue. One of these, is that higher 
permitted radiation exposures to rescue crews would allow earlier entry into 
the contaminated area to affect first aid and general rescue work. Also, in the 
case of relatively little protection to the populace, there would be a saving in 
radiation exposure to them. On the other hand, people better sheltered, as 
illustrated in column V, would receive less total expoure if they stayed in the 
protected areas until the out-of-doors activity had decreased, and at the same 
time a delay of entry into the contaminated area would result in less radiation 
exposure to the rescue crews who might then be used again for other missions. 


DISTANT FALLOUT PATTERNS FROM HIGH YIELD WEAPONS 


The discussion above suggests the wide variability possible in distant fallout 
patterns from high-yield weapons and the great variation in radiation dose that 
one may receive due to shielding and weathering effects. Therefore, the follow- 
ing analysis is intended to be only a generalized one to illustrate the parameters 
and how they may operate in determining the radiation doses. 

Consider the case of fallout from a high-yield weapon where people continue 
to live in an area without any special measures to protect themselves. Assume 
(a) for the first week following the fallout, the measured gamma activity de- 
cays according to (time)—**, for the second week (time)—*, and for the third 
week and thereafter (time), and (b) the shielding factor afforded by normal 
housing will reduce the out-of-doors daily dose by 25 percent, and (c) the half- 
time of repair of biological injury is 4 weeks. Probably all of these assumptions 
are conservative, i. e., they overestimate the hazard. Based on these assump- 
tions, figure 6 shows the dose rates at time of fallout or entry into an area that 
might produce an “effective biological dose” (the term given to the radiation 
exposure according to the above assumptions) of one roentgen (20). This 
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graph may be extrapolated to other readings. For example, if a fallout begins 
§ hours after detonation and the dose rate at that time is 10 r. per hour, about 
67 r. (effective biological dose) will be accumulated provided personnel continues 
to live normally in the contaminated area. This is computed as follows: 


10 
—=67 
0.15 


It is frankly recognized that in any single curve, such as that shown in figure 
6, there are inherent a number of uncertainties. Criteria based on deliberate 
analyses of the relevant data, however, may be more valid than those determined 
under the duress of an emergency situation. Such a simplified graph might pro- 
vide radiological monitors with a quick, even if rough, estimate of the potential 
hazards and thus assist in making decisions on questions such as evacuation. 

Using figure 6, the idealized fallout diagram on page — was constructed to 
illustrate a possible pattern from a single high-yield surface burst (20). 

The two innermost isodose lines shown were selected to suggest regions where 
(a) a significant percentage of personnel might be expected to die (400 r.) 
and (b) a few percent to become ill (100 r.), assuming continued occupancy of 
these areas with no special protective measures. These percentages would, of 
course, rise within the encompassed areas. The 50 r. effective biological isodose 
line has no unique significance, but suggests the magnitude of dose which might 
call for emergency measures against radiation exposures even in the face of other 
possible hazards. Table 3 shows the approximate areas encompassed by the 
three isodose lines. For areas where the fallout occurs a few hours or more 
following detonation, many days or weeks will be required to accumulate the 
major portion of effective biological doses, so that spot decisions involving ad- 
ditional hazards might not be necessary. 

The question is frequently asked as to the time one must spend within a shelter 
or remain outside of a contaminated area. The answer depends upon a number 
of parameters, such as the criteria established for maximum permissible dose, 
as well as length of stay within the area of contamination . With knowledge 
of the magniture of the radiation levels present and an assumed rate of decay, 
(t)—’, it is possible to plan and execute a short stay, even in a highly contami- 
nated area. Planning for continuous occupancy requires more extensive analysis. 
The following data may aid in such evaluation. 

The fall out map (idealized fallout diagram on page 196) and table 3 suggest 
the degree of radiation exposure received in continuous occupancy under normal 
living conditions beginning with the time of initial fallout. For those entering 
the contaminated zone 4 months after the first fallout, however, and then living 
there indefinitely, the area encompassed by the 50 r. effective biological isodose 
line will have shrunk from about 25,000 to 2,500 square miles. At such time 
(4 months after fallout), an area of about 1,000 square miles within the 50 r. 
isodose line might have the highest residual contamination, amounting to about 
3 times the does rates at the periphery. The 0.3 r. per week, out-of-doors, isodose- 
rate line might extend to about the same position as the line marked “50” on 
the map. 

As one attempts to extrapolate such data to 1 year after fallout, the analysis 
becomes still more difficult and uncertain. The data suggest, however, that if 
return is postponed to 1 year after fallout, the 50 r. effective biological isodose line 
will have disappeared. On the basis of these conservative estimates, the 1,000 
square miles of highest contamination might have an out-of-doors dose rate of 
about 4 r. per week after 1 year, Similarly, personnel might accumulate a dose of 
about 100 r. for the first year following their return, and an additional 90 r. over 
the next 3 years, independent of the biological recovery factor. It is to be ex- 
pected that this factor would be relatively great for such long periods of time, 
thus reducing the effective biological dose below 50 r. The 0.3 r. per week, out- 
of-doors, isodoserate line might encompass an area somewhat larger than the line 
marked 400 on the map (20). 

For such effects as genetic, it is the total dose received that is important, since 
biological repair does not enter in such calculations. According to the conserva- 
tive estimates of weathering and shielding used above, possibly several hundred 
roentgens might be delivered in the areas of heaviest contamination, from the 
end of the first year after the fallout occurred until the radioactivity had de- 
creased to essentially zero. However, the foregoing analyses are based on passive 
factors only, not taking into account the actions of persons themselves in reduc- 
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ing contamination, If, for example, a permanent return into an area were post- 
poned for 1 year after fallout, the radiological situation probably would have 
been adequately appraised, and decontamination operations initiated. (This 
subject will be discussed by others.) Moreover, with the return of a populace 
into a known contaminated area, more than normal precautions might be expected 
in regard to occupancy of the more protective types of buildings and reduction 
of time spent out of doors. 

Of course, greater degrees of contamination could result from multiple, over- 
lapping, fallout patterns. There is a need for continuing studies of these prob- 
lems. 

ENVIRONMENTAL CONTAMINATION 


Radioactive contamination of an area will, of course, influence agricultural 
pursuits. An evaluation of these problems involves complex and difficult studies 
Which will not be attempted here. In terms of civil defense, however, there ig 
one phase that should be noted here. 

The relatively heavy fallout that occurred on some of the Marshall Islands in 
March 1954 provides the most direct data. Since the time of this fallout there 
have been 10 radiological and bivlogical surveys of these islands. All of these 
data are sunimarized in a report prepared by the Atomic Energy Commission and 
ip press with the Government Printing Office (21). 

There are strikingly wide variances in the degree of gross contamination in 
the soils and in the plant and animal life. Likewise, relatively large ranges in 
values were found for the individual isotopes in the plants and animals. Any 
conclusions, therefore, must be of only the most tentative and generalized nature. 

The data do suggest that, in terms of strontium 90, the isotope of principal 
eoucern, this activity built up in the plantlife over the first year after fallout and 
then started decreasing slowly. By using very rough approximation, and extra- 
polations, the data suggest that, if plantlife had been growing in the area of 
great contamination, i. e., where the gamma dose rates extrapolated to H plus 
1 heur would have been 2,500 roentgens per hour, it might have contained 10-30 
microcuries of strontium 90 per kilogram of calcium, at 1 year. The correspond- 
ing values for the suvils are several times higher. If an assumption is made that 
there is a discriminatory factor of about 4 for the Sr-Ca ratio in plants versus 
bones, the above data suggest possible levels of strontium 90 in the bones of 
animals from continuous consumption of this food of a few to several microcuries 
of strontium 90 per kilogram of calcium, The maximum permissible body burden 
for adult atomic-energy workers is 1 microcurie of strontium 90 per kilogram 
of calcium. 

There is some confirmatory evidence for this crude evaluation. A variety of 
native animals were left on the island of Rongelap after the fallout in March 
1954. They have been collected and sacrificed serially in time. Even after 2 
years of continuous occupancy, it was reported that there were no pathological 
changes that could be ascribed to radiation (22), Their bones showed from 
about a one-tenth to a few tenths of a microcurie of strontium 90 per kilogram of 
calcium. Since the areas of highest contamination were about 12-14 times greater 
than Rongelap, an extrapolation would suggest values in the same range as above, 
i. e., a few to several microcuries of strontium 90 per kilogram of calcium if 
animals had lived in the area of great contamination. 

The Pacific island soils have higher calcium content than most soils in the 
United States, and of course there are differences in the type of plantlife and 
in the climate. However, theoretical calculations suggest that the same fallout in 
the United States might result in something like 100 microcuries of strontium 
90 per kilogram of calcium in the soils with the highest contamination. With 
assumed discriminatory factors from soil to bones of 10 or more, the implied 
eventual body burden of strontium 90 is of the same magnitude in the Pacific. 

The uncertainty of these data, however, would not deny the possibility that for 
a similar fallout in the United States there might eventually result a body burden 
of 10 or more microcuries per kilogram, if people were to subsist entirely on 
food from the area of highest contamination. With maintained values 2 to 3 
times this amount, it might be expected that a few percent might die of bone 
tumors after a latent period of 15 to 20 years. It would be expected, however, 
that the strontium 90 content in the food supply would slowly decrease with time. 
Any measures taken to reduce the uptake of strontium 90 into the food supply, 
and any supplemental foods from less contaminated areas would lower the 
strontium intake, 
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For civil-defense purposes, a full evaluation of the whole environmental con- 
tamination problem is needed, especially for the cases of multiple, overlapping, 
fallout patterns from many nuclear detonations which might occur under wartime 
conditions. 

EXTERNAL BETA EXPOSURE 


The second principal emission from the fallout material is beta particles. These 
are essentially high-speed electrons, of which even the most energetic travel only 
a short distance into the skin. (See the next section for discussion on internal 
exposures.) If large enough radiation doses are delivered by these beta particles, 
the skin may first show erythema (reddening) and then proceed to more serious 
damage. Ifa sizable fraction of the body should suffer serious skin damage from 
these beta radiations, the results would be similar to those from thermal burns, 
i. e., serious injury or death. 

There is little doubt that “beta burns” can and have occurred. In the case of 
the Marshallese who were in the fallout from the detonation at the Pacific on 
March 1, 1954, most of the more heavily exposed showed some degree of skin 
damage, as well as about half of them showing some degree of epilation due to 
beta doses (22). However, none of these effects were present except in those 
areas when the radiation material was in contact with the skin, i. e., the scalp, 
neck, bend of the elbow, between and topside of the toes. No skin damage was 
observed where there was a covering of even a single layer of cotton clothing. 
In fact, the beta radiations emanating from the radioactive material on the 
ground should have been adequate to produce detectable skin damage (based on 
the amount of contamination present), yet this was not observed. 

These findings indicate the obvious benefits to be expected from (a) remaining 
inside during the time of actual fallout to reduce the possibility of direct body 
contamination, or, if out of doors, to keep the body covered, and (0b) early re- 
moval of the body contamination, since higher doses are delivered during early 
times after fallout. 

The Marshallese were semiclothed, had moist skin, and most of them were 
out-of-doors during the time of fallout. Some bathed during the two-day ex- 
posure period before evacuation, but others did not, therefore, there were optimal 
conditions in general for possible beta damage. The group suffering greatest 
exposure showed 20 percent (13 individuals) with deep lesions; 70 percent (45 
individuals) superficial lesions; and 10 percent (6 individuals) no lesions. Like- 
wise, 55 percent (35 individuals) showed some degree of epilation followed by 
a regrowth of the hair. However, during this same period of time they received 
a whole-body gamma dose of 175-roentgens—a value approaching lethality for 
some of those exposed. These data, together with others, indicate that the 
external gamma radiation would be the controlling factor for making such de- 
cisions as to evacuation, although recognizing that any beta exposure would be 
an additional body insult. 

INTERNAL EXPOSURES 


The principal factor in evaluating long-term hazards from ingestion and in- 
halation is the doses delivered to the bones by isotopes of strontium. This sub- 
ject will be discussed in detail by others. 

The principal hazards from intake of relatively large amounts of radioactive 
fallout for several weeks immediately following a nuclear detonation are doses 
to the: 

(a) gastrointestional tract, from the gross fission product activity, 
(b) thyroid, from isotopes of iodine, and 
(c) bone, principally from isotopes of strontium and barium-lanthanum. 

The solubility of the fallout material is a major factor in determining the 
resultant fate, and thus radiation doses, within the body. The solubility varies, 
depending among other factors upon the surface over which the detonation 
occurred. The fallout material collected in soil samples at the Nevada test site 
has been quite insoluble, i. e., only a few percent in distilled water and roughly 
20 to 30 percent in 0.1 N HCI. However, it would be expected that the activity 
actually present in drinking water supplies would be principally in soluble form. 
The water collected from a well and a cistern on the island of Rongeiap about 21 
months after the March 1, 1954, fallout, was found to have about 80 percent of 
the activity in the filtrate, but there was an undetermined amount that settled 
to the bottom. Other data suggest the material to have been about 10 to 20 per- 
cent soluble in water. 

Figure 7 shows relative doses to the body organs, based on the assumptions 
that (a) 90 percent of the material is insoluble (when calculating doses to the 
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gastrointestinal tract), (b) all of the isotopes of iodine are soluble (when 
estimating doses to the thyroid), and (c) 25 percent of the ingested strontium 
isotopes and 7 percent of the barium-lanthanum reached the bones. It may be 
seen that ingestion of a given amount of fission product activity on the fourth and 
fifth days may result in nearly 244 times the dose to the thyroid as to the lower 
large intestine. For a continuous consumption of fallout material from the 1st 
hour to the 30th day the ratio of doses is about 1.7. Table 4 indicates the amount 
of ingested fission product activity to produce 1 rad dose to the lower large 
intestine. 

Analyses of past data strongly indicate the quantity of fallout material taken 
in for times immediately following a detonation: (a) by inhalation is very much 
less than by ingestion (unless of course one does not eat or drink), and (b) may 
come from surface contamination of the food rather than by the soil-plant-animal 
cycle. 

How much intake is actually permitted depends upon many factors including 
the essentialness of the food and water to sustain life, and one’s philosophy of 
acceptable biological risks and damages in the face of other possible hazards 
such as mass evacuation. By using table 4 and figure 7, an estimate may be 
made of the radiation doses that might result from the ingestion of a given 
amount of fission product activity. In determining how much actual ingestion, 
and thus the radiation doses that might be permitted, reference may be made 
to table 5 which suggests the biological effects from certain doses, 

Such evaluations as attempted here are necessary and valuable for planning 
purposes, but once the fallout occurs the emergency of the situation may preclude 
immediate analysis of the food and water suppiles. Further, the abstinence from 
food and water because it might be contaminated could not be continued indefi- 
nitely. Therefore, the following three commonsense rules are suggested : 

1. Reduce the use of contaminated food and water to bare minimum until 
adequate monitoring can be performed; use first any stored clear water and 
canned or covered foods; wash and scrub any exposed foods. 

2. If the effects of lack of food and water become acute, then use what- 
ever is available but in as limited quantities as possible. Whenever possible 
select what seems to be the least likely contaminated water and/or foodstuffs. 

3. Since it is especially dsirable to restrict the intake of radioactivity in 
children, give them first preference for food and water having the lowest 
degree of contamination. 

Tn an area of heavy fallout one matter to consider is the relative hazards from 
the external gamma exposure versus internal doses from ingestion of the material. 
One of the best evidences on this point was the fallout that occurred on the Ron- 
gelapese in March 1954. Those in the highest exposure group received 175 roent- 
gens whole body external gamma exposure yet their body burdens of internal 
emitters were relatively low (22). These and other data suggest that: 

If the degree of contamination of an area for several weeks immediately fol- 
lowing a nuclear detonation is such that the external gamma exposure would 
permit normal and continuous occupancy, the internal hazard would not deny it. 

This is based on such reasonable assumptions of (a) about 50 percent reduc- 
tion of gamma exposure from out-of-doors doses afforded by living a part of each 
day in normal family dwellings, (0) washing and/or scrubbing contaminated 
foods, and (c) excluding areas where relatively little fallout occurred, but into 
which may be transported highly contaminated food and/or water. After longer 
periods of time during which the gamma dose rates in an originally highly con- 
taminated area have decreased to acceptable levels, it probably would be neces- 
sary to evaluate the residual contamination for the bone seeking radioisotopes, 
especially strontium 90. 

NUCLEAR WEAPONS TESTING 


Since 1951, the United States has conducted 11 series of nuclear tests, 5 at the 
Nevada test site and 6 at the Eniwetok Proving Ground, for a total of more than 
63 test detonations. A sixth series is currently underway at the Nevada test site. 
The fallout on the inhabitants of some of the Marshall Islands in March 1954 
(which will be discussed by others) and fallout on some Japanese fishermen, have 
been the major effects off the testing areas. The only other off-site damage has 
been in the United States where the blast wave has caused minor structural dam- 
age for which about $45,000 has been paid in claims (23), and fallout that oc- 
curred on some horses and cattle grazing within 20 miles of ground zero causing 
skin burns for which about $15,000 was paid. 

At the Eniwetok Proving Ground, where the larger devices are tested, the warn- 
ing area covers nearly 400,000 square miles. This area is under constant sur- 
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veillance during the time of testing both by surface ships and by aircraft. Start- 
ing 2 days prior to a detonation, the search is intensified in the sector of probable 
fallout. If any transient ship is located in the warning area, it is advised to leave 
and the detonation is delayed until it is clear. 

Fully manned weather and fallout prediction units are an integral part of the 
task force conducting the tests. Since the larger detonations in the Pacific re- 
quire additional information on the upper air, new types of high-altitude bal- 
loons and missiles are used. Nine weather stations are established by the task 
force during the test series on islands around the site, in addition to the eight 
regular weather stations in operation on other islands. 

After each detonation, aircraft track the radioactive air out for several hun- 
dred miles. Other aircraft, with special monitoring equipment fly over land 
and sea areas to measure any residual contamination. 

Through the cooperation of the United States Public Health Service, trained 
monitors were present during Operation Redwing (spring 1956 series) on the 
populated islands of Wotho, Ujelang, and Utirik. 

As would be expected, the delineation of fallout patterns in the wide expanses 
of the Pacific is difficult. For the immediate monitoring, aerial surveys are con- 
ducted as mentioned above, automatic equipment are placed on land areas, and 
a variety of ships, skiffs, and buoys are utilized. Following each test series, large- 
scale radiological and biological surveys are made. Data from these surveys 
have been summarized by the Commission in a document soon to be published by 
the Government Printing Office (21). 

The Nevada test site covers an area of about 600 square miles, with the adja- 
cent 4,000 square miles being a United States Air Force gunnery range (24). 
Surrounding these areas are wide expanses of sparsely populated land. For 
general safety, as well as security, the Nevada test site is closed to the public. 
Aerial and surface surveys are made to insure that no persons or animals wander 
into the area. Each nuclear detonation is publicly announced ahead of time. 

As a part of the test organization there is an advisory panel of experts in the 
fields of biology and medicine, blast, fallout prediction, and meteorology. A 
series of meetings is held before the firing of each shot to weigh carefully all fac- 
tors related to the safety of the public. 

A complete weather unit is in operation at the Nevada test site, drawing upon 
all of the extensive data available from the United States Weather Bureau and 
the Air Weather Service, plus six additional weather stations ringing the test 
site. These data are evaluated for the current and predicted trends up to 1 hour 
before shot time. <A shot can be canceled at any time up to a few seconds before 
the scheduled detonation. In the past, more than 80 postponements have been 
made due to unfavorable weather conditions. 

Several measures have been used to reduce the radioactive fallout off the test 
site. First, of course, only small nuclear devices are tested at Nevada. Since 
the greater the height of the fireball above the surface the less is the fallout in 
nearby areas, the test towers have been extended to 500 feet, and during Opera- 
tion Plumbbob (spring 1957) there will be at least one 700-foot tower. Also, 
a new technique of using captive balloons is being developed. Extensive tests are 
being conducted to determine the feasibility of detonating nuclear devices so far 
underground that all of the radioactive material will remain captured and thus, 
of course, completely eliminate any fallout. 

Prior to each nuclear detonation a warning circle is established for aircraft, 
designed to provide control of aerial flights within the area of predicted path of 
the atomic cloud. A representative of the Civil Aeronautics Administration is 
assigned to the test organization and assists in establishing the controlled area. 
This may typically extend about 150 miles in radius and be in force for a period 
from about H minus one-half hour to H plus 10 hours. All aircraft are required 
to check through the Civil Aeronautics Administration before flying in this area. 

After each nuclear burst, aircraft from the test organization track the cloud 
until it is no longer readily detectable. Behind this come other aircraft to plot 
the fallout pattern on the ground. This survey is repeated on D plus 1 day. 

The off-site monitoring program during Operation Plumbbob (spring 1957) 
illustrates the extensive system organized not only to take numerous radiological 
measurements but also to provide close liaison with the citizens of nearby com- 
munities. The Atomic Energy Commission and the United States Public Health 
Service jointly organized a program wherein the areas around the test site are 
Mapped out into 17 zones. A technically qualified man has been assigned to 
live in each zone. His duties consist not only of normal monitoring activities 
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but also, prior to and during the test series, of learning the communities and 
families in his zone, getting to know the people and having them know him. In 
addition to the 17 zone commanders, as they are called, there are 8 mobile 
monitoring teams on call to go to any locality to assist if needed or to travel 
to areas outside the 17 zones. 

Four additional monitoring programs are also in operation. One of these 
projects is primarily of research nature yet provides radiation monitoring data 
out to 160 miles or more from the test site. A second program is a unique 
system of telemetering, whereby instruments are placed in about 30 com- 
munities around the test site and connected to commercial telephone wires. The 
operator sits at the control point and, by placing a normal telephone call, receives 
back signals that are translated in a matter of seconds into gamma radiation dose 
rates. A third project consists of automatic instruments located in another 15 
communities that permanently record the gamma dose rates continuously from 
the beginning to the end of the test series. A fourth program consists of aerial 
surveys with special gamma detection instruments. 

Extending outward from the test site across the country are 388 United States 
Publie Health Service monitoring stations established in cooperation with the 
Atomie Energy Commission, and 11 AEC installations (see tables 6 and 7). 
In addition, through the cooperation of the United States Weather Bureau 93 
stations in the United States make gummed paper collections of fallout (table 
7). These gummed-paper collections are also made worldwide at 73 other loca- 
tions by arrangement with the Department of State, United States Weather 
Bureau, United States Air Force, and Navy (table 9). 


RADIATION EXPOSURES TO THE PUBLIC 


The data and their evaluation concerning strontium 90 produced by nuclear 
Weapous testing will be discussed by others at this hearing. 

The external gamma exposures through September 1955 may be described 
briefly as follows: 

“* * * With respect to the gamma dose, the average value for the United 
States is higher than it is for the rest of the world. The range of values in the 
United States is relatively narrow, 6 to 49 millirads, except for Salt Lake City 
(160), Grand Junction (120), and Albuquerque, N. Mex. (110). The representa- 
tive dose for eastern United States is about 15 to 20 millirads, with slightly higher 
values in the Middle West and lower values on the west coast. 

“The cumulative gamma dose at the foreign stations is in the range of 4 to 23 
millirads, except for some of the Pacific islands, where the range is from 13 to 150 
millirads * * * (25), 

These are infinity does, i. e., the maximum possible exposures one might re- 
ceive if he were out of doors for the lifetime of the radioactivity, there were no 
weathering effects, and the activity decayed according to (time)-’*. The 
actual radiation exposures will vary with changes in these conditions, but roughly 
may approximate one-half of the infinity dose. 

In summarizing, the data on radiation exposures from fallout, the National 
Academy of Sciences-National Research Council report said (26) : 

“#* * * it may be stated that United States residents have, on the average, 
been receiving from fallout over the past 5 years a dose which, if weapons test- 
ing were continued at the same rate, is estimated to produce a total 30-year dose 
of about one-tenth of a roentgen; and since the accuracy involved is probably 
not better than a factor of 5, one could better say that the 30-year dose from 
sveapons testing if maintained at the past level would probably be larger than 
0.02 roentgens and smaller than 0.50 roentgens. * * * 

“The rate of fallout over the past years has not been uniform. If weapons 
testing were, in the future, continued at the largest rate which has so far oe- 
curred (in 1953 and 1955) then the 30 year fallout dose would be about twice 
that stated above. * * *” 

Gamma radiation exposures near the Nevada test site are generally bigher 
that the average for the United States. The map on page 195 shows the estimated 
gamma exposures accumulated from all tests at the Nevada test site. Table 10 
lists all of the communities that have received sufficient fallout to result in an 
estimated 0.2 roentgens or more to the inhabitants. In addition to this list, the 
highest fallout level noted to date in an inhabited place around the Nevada test 
site occurred in 1953 at a motor court near Bunkerville, Nev., where about 15 
people might have accumulated 7 to 8 roentgens if they had continued to live 
there indefinitely. 
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The National Academy of Sciences-National Research Council Report recom- 
mended: (26) 

«“* * * That for the present it be accepted as a uniform national standard that 
X-ray installations (medical and nonmedical), power installations, disposal of 
radioactive wastes, experimental installations, testing of weapons, and all other 
humanly controllable sources of radiations be so restricted that members of our 
general population shall not receive from such sources an average of more than 
10 roentgens, in addition to background, of ionizing radiation as a total accumu- 
lated dose to the reproductive cells from conception to age 30, * * * 

“* * * That individual persons not receive more than a total accumulated 
dose to the reproductive cells of 50 roentgens up to age 30 years * * * and 
not more than 50 roentgens additional up to age 40 * * *.” 

The National Committee on Radiation Protection and Measurement (27) has 
recommended that, “The maximum permissible dose to the gonads for the popula- 
tion of the United States as a whole from all sources of radiation, including 
medical and other manmade sources, and background, shall not exceed 14 million 
rems per million of population over the period from conception up to age 30, and 
one-third that amount in each decade thereafter. Averaging should be done for 
the population group in which cross-breeding may be expected.” (27) 

Since natural background radiation is roughly 4 roentgens per 30 years, the 
value for manmade sources becomes about 10 million man-rems for a population 
of one million. This particular unit was selected because of genetic considera- 
tions, that is, radiation doses to relatively large populations. The average 
exposure to only those communities around the Nevada test site that experienced 
the greatest amount of fallout (0.2 roentgens or more) is 0.6 roentgens for the 6 
years since the regular nuclear tests were started. The round numbers are 
58,000 man-roentgens for 100,000 people. If the area considered around the 
Nevada test site is enlarged to include 1,000,000 people the average exposure is 
about 0.1 roentgens for the 6 years, or at a rate of about one-half roentgen per 
30 years. This is one-twentieth of the recommendation of the National Com- 
mittee on Radiation Protection and Measurement for maximum exposures. 

The highest measured concentration of fission product activity in the air off 
the Nevada test site was at St. George, Utah, during the spring 1953 test series, 
amounting to about 1.3 microcuries per cubic meter of air averaged over a 24- 
hour period. It was estimated that the radiation dose to the lungs from this 
activity was less than that delivered every month by naturally occurring radio- 
active isotopes in the air that we breathe. 

The highest measured concentration of activity from fallout material in 
water off the controlled area was at upper Pahranagat Lake, Nev., in the spring 
of 1955 amounting to 1.4 x 10-* microcuries per milliliter at 3 days after the 
detonation. This is one-thirty-sixth of the operational guide—an amount that 
is considered safe for continuous consumption, 
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Table 1.—Rough estimate of reduction in gaama radiation within structures 


Type structure yeti 
One story frame house: doors level 
Be IOU, IN ii icacicneon igearis es seien ccan  nicc a ~d 
PR aUeAE NIN ARR IND  ctacs accheaticenieb emis eae ean ene gaa ae ial aa eadmaies ~10 
PR IET IONE INNO Das esac asics nga anaepiaxon tees mas acacia coed a aaaeketddcs aes <10 
Multistory reinforced concrete: 
TOWEL TOGTE (OWEYy TLOM WINGOWE) <a nin cocci oe ic te uleaieie <10 
INO a a a ee ~6.1 
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TABLE 2.—Radiation exposure 














ssi cae nama idee - = 
Time of Dose to Total Dose to Tota 
initial con-| populace radiation | populace radiation 
Permissible dose to rescue crew tact with while dose to while dose to 
(roentgens)! populace waiting populace waiting popula 
(hours rescue (roent- | rescue (roent 
after det- (Fosnt- gens)3 (roent- gens) 
onation) gens)? gens)‘ 
1 2 | 3 4 5 6 
wore line: | 
Reda be i ae Ree aed 514) 72 85 14 > 
50 le eee 2) 4| 40) 65 8 33 
a hdc Sa See te ie oe 1% 10 60 2 2 
300 r/hr line | | 
Wn ioceedkie cams shbticewakenecededsinn 16 | | 332 64 7¢ 
Wie i cece wuek cd aseg Satoh eekemaeanis 814 | 285 | 52 77 
Bon ccckccapesnauncdacennneinaie 5 260 41 | 
600 rr Tin | ; : al | . 
ee ce ae ee aR 25 600 612 120 112 
TS oie, eeu aseneiemadeaael amie 14 500 525 100 25 
WG 6 dace acsig cedutinaseschioewadanta 7% 400 450 80 130 





1 Based on a 2!+hour mission to rescue crew. 

2 Assuming 4 of out-of-doors exposure. 

3 Assuming populace receives )¢ of exposure to rescue crew, 
4Assuming }io of out-of-doors exposure. 


Taste 3.—Approzvimate areas encompassed by the effective biological isodose 
lincs shown in the map (top of p. 196) 
Approximate 
areas encompassed 


Isodose line (r): (square miles) 
BI ss sce hen cesses ces cai gr Saou cg cali ean cnc lade nee ek 25, 000 
MI cgi eit soe cg a pera tla tha eae oe 12, 500 
NI scale sts saps pitas ci tacit Alpen eT Si a 2 ee 5, OOO 


TanLe 4.—Approrimate fission product activities (microcuries per milliliter of 
gram X 10°) to produce 1 Rad dose to lower large intestine * 











Start of intake (days after detonation) 

Duration ofingestion! te ee se 2 
(days) | | | 

| 1 (ist 2 (24th | 3 | 4 5 10 15 20 

hour) hour) | | 
OE sn | «35 2.5 1.9 1.7 1.4 1.1 1.1 1.0 
ce 24 1.7 3 0. 89 0. 81 0. 62 0. 57 0.53 
on Lies 15 1.3 0. 82 0. 65 0. 56 0.41 0. 40 0. 37 
ee 13 1.0 0. 65 0.53 0. 46 0.33 0.30 0 29 
eee 12 0.9 0. 57 0. 44 0. 39 0. 28 0. 25 0. 22 
| eee sees 9.2 | 0. 64 0. 40 0. 29 0. 25 0.17 0.14 0.13 
ti cede 7.8 | 0. 53 0.33 0. 26 0. 21 0.13} O11 0. 097 
ECORI TS : 7.5 z 0. 49 0. 29 0. 21 0.18 | 0.11 0. 089 0.079 

| j 





1(a) Activities computed at start of intake period. (0) Based on intake of 2,200 milliliters or grams of 
water and food per day for adults, 


— — 


a 


: 








184 RADIOACTIVE FALLOUT AND ITS: EFFECTS: ON MAN 


TABLE FIVE 


SOME POSSIBLE BIOLOGICAL EFFECTS FROM RADIATION DOSES 


70 SPECIFIC ORGANS # 


Dose Gastrointestinal Thyroid Bones 
(Rads) Tract 
Minor changes in 
10,000 structure 


Tumor production 
Permanent or serious 
damage — survival 
threatened 


1,000 Tumor Production 


Minor changes in 
structure 
Immediate effects such 
as nausea and vomiting 
Potential carcinogenic 
dose to thyroids of few 
percent of children and 
adolescents 


100 





*Lesser short term effects would be expected from the 
same doses distributed in time. 


Tanite 6.—U. S. Public Health Service monitoring stations during operation 
Plumbbob (spring 1957) 


Albany, N. Y. 
Anchorage, Alaska 
Atlanta, Ga. 
Austin, Tex. 
saltimore, Md. 
Berkeley, Calif. 
s0ise, Idaho 
Cheyenne, Wyo. 
Cincinnati, Ohio 
Denver, Colo. 
El Paso, Tex. 
Gastonia, N. C. 
Harrisburg, Pa. 


Hartford, Conn. 
Honolulu, T. TH. 
Indianapolis, Ind. 
Iowa City, Iowa 
Jacksonville, Fla. 
Jefferson City, Mo. 
Juneau, Alaska 
Klamath Falls, Oreg 
Lansing, Mich. 
Lawrence, Mass. 
Little Rock, Ark. 
Los Angeles, Calif. 
Minneapolis, Minn. 


New Orleans, La. 
Cklahoma City, Okla. 
Phoenix, Ariz. 
Pierre, S. Dak. 
Tortland, Oreg. 
Richmond, Va. 

Salt Lake City, Utah 
Santa Fe. N. Mex, 
Seattle, Wash. 
Springfield, IL 
Trenton, N. J. 
Washington, D. C. 





ion 


} in 


mn 
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Taste 7.—ALC monitoring stations during operation Plumbbob (spring 1957) 


Berkeley, Calif: Radiation laboratory, University of California 

Cincinnati, Ohio: General Electric Co., aircraft nuclear propulsion department 

Idaho Falls, Idaho: Idaho Operations Office 

Lemont, Ill.: Argonne National Laboratory 

Los Alamos, N. Mex.: Los Alamos Scientific Laboratory 

New York, N. Y.: New York Operations Office 

Richland, Wash.: Hanford Operations Office 

Oak Ridge, Tenn.: Oak Ridge National Laboratory 

Rochester, N. Y.: The atomic energy project, University of Rochester 

Salt Lake City, Utah: Radiobiology laboratory, University of Utah 

West Los Angeles, Calif.; Atomic energy project, University of California, Los 
Angeles 


Taste 8.—U. 8. Weather Bureau fallout sampling stations in operation during 
Operation Plumbob (spring 1957) 


Abilene, Tex. Fargo, N. Dak. Philadelphia, Pa, 
Albany, N. Y. Flagstaff, Ariz. Phoenix, Ariz. 
Albuquerque, N. Mex. Fort Smith, Ark. Pittsburgh, Pa. 
Alpena, Mich. Fresno, Calif. Pocatello, Idaho 
Amarillo, Tex. Goodland, Kans. Port Arthur, Tex. 
Atlanta, Ga. Grand Junction, Colo. Portland, Oreg. 
Bakersfield, Calif. Grand Rapids, Mich. Prescott, Ariz. 
Jaltimore, Md. Green Bay, Wis. Providence, R. I. 
Billings, Mont. Hatteras, N. C. Pueblo, Colo. 
Binghampton, N, Y. Helena, Mont. Rapid City, S. Dak. 
jishop, Calif. Huron, 8. Dak. Reno, Ney. 

Boise, Idaho Jackson, Miss. Rochester, N. Y. 
Zoston, Mass. Jacksonville, Fla. Roswell, N. Mex. 
Buffalo, N. Y. Kalispell, Mont. Sacramento, Calif. 
Caribou, Me. Knoxville, Tenn. Salt Lake City, Utah 
Casper, Wyo. Las Vegas, Nev. San Diego, Calif. 
Charleston, S. C. Los Angeles, Calif. San Francisco, Calif. 
Cheyenne, Wyo. Louisville, Ky. Scottsbluff, Nebr. 
Chicago, Tl. Lynchburg, Va. Seattle, Wash. 
Cleveland, Ohio Marquette, Mich. Spokane, Wash. 
Colorado Springs, Colo. Medford, Oreg. St. Louis, Mo. 
Concord, N. H. Memphis, Tenn. Syracuse, N, Y. 
Corpus Christi, Tex. Miami, Fla. Tonopah, Nev. 
Concordia, Kan, Milford, Utah Tucson, Ariz. 
Dallas, Tex. Milwaukee, Wis. Washington, D. ©. (Silver 
Del Rio, Tex. Minneapolis, Minn. Hill, Md.) 
Denver, Colo. Mobile, Ala. Wichita, Kans. 

Des Moines. Iowa Montgomery, Ala, Williston, N. Dak. 
Detroit. Mich. New Haven, Conn. Winnemucca, Nev. 
Elko, Nev. New Orleans, La. Yuma, Ariz. 

Ely, Nev. New York (LaGuardia), 

Eureka, Calif. IN. Ss 


93299°—57—pt. 1——_-_13 
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TABLE 9.—Foreign monitoring stations during Operation Plumbbob (spring 1957) 


Addis Ababa, Ethiopia 
Anchorage, Alaska 
Bangkok, Siam 

seirut, Lebanon 

3elem, Brazil 

Bermuda 
Buenos Aires, Argentina 
Canal Zone 
Canton Island 
Churchill, Manitoba, Canada 
Clarke AFB, Philippines 
Colombo, Ceylon 
Dakar, French West Africa 
Deep River, Ottawa, Ontario, Canada 
Dhahran, Saudi Arabia 
Durban Natal, South Africa 
Edmonton, Alberta, Canada 
Fairbanks, Alaska 
French Frigate Shoals 
Goose Bay, Labrador 
Guam 
Hilo, Hawaii 
Hiroshima, Japan 
Honolulu, Hawaii 
Iwo Jima 
Johnson Island 
Juneau, Alaska 
Keflavik, Iceland 
Koror 
Kwajalein 
La Paz, Bolivia 
Lagens, Azores 
Lagos, Nigeria 
Leopoldville, Belgian Congo 
Lihue 
Lima, Peru 
Melbourne, Australia 


Mexico City, Mexico 

Midway Island 

Milan, Italy 

Misawa, Japan 

Moncton, New Brunswick, Canada 
Monrovia, Liberia 

Montreal, Quebec, Canada 
Moosoonee, Ontario, Canada 
Nagasaki, Japan 

Nairobi, Kenya, East Africa 
Nome, Alaska 

North Bay, Ontario, Canada 
Noumea, New Caledonia 

Oslo, Norway 

Ponape 

Prestwick, Scotland 

Pretoria, South Africa 

Quito, Ecuador 

Regina, Saskatchewan, Canada 
Rhein Main, Germany 

San Jose, Costa Rica 

San Juan, Puerto Rico 

Sido Paulo, Brazil 

Seven Islands, Quebec, Canada 
Sidi Slimane, French Morocco 
Singapore 

Stephenville, Newfoundland 
Sydney, Australia 

T’ai-pei, Formosa 

Thule, Greenland 

Tokyo Air Base, Japan 

Truk 

Wake Island 

Wellington, New Zealand 
Wheelus AFB, Tripoli 
Winnipeg, Manitoba, Canada 
Yap 
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Table 10.—Estimated radiation exposures for communities around the Nevada 


test site 
NEVADA 
Roentgen Roentgen 
ROME Wo ciconsrceb ei naeae ase ae Te a 0. 2 
Alamo scien sm aii edis ab cls boil di dee sme dike ieaditeiaie 3 3 Lincoln Mine rr a a eo we ww wo www 4. 0 
ae 0: @ | Lockes Ramen. cc sce 1.3 
ONO reek acca ueceeeee OF St EMGRRNO sn oi ce 0.4 
ET a i a en Bre Ns sn acetals gins A 0.8 
MacRhOTi TRANCD ois oss acs OSD VP RROBMI OS ooo Re ee 1s 
RGMROEViNG@) 3250 on Secs BG POC nn 0.4 
GN ne rn i ED DEROORN arn te 0.8 
OE isa iets ce els db oki Ae SR ge 0. O05 
CTR OUR CIONES Ss eit G&S [North bas Veess. 8 0. 2 
NER as a a ee Git Ue ae i ee i 
OB sc5 Ses a eer eee ee AON ees i ae 0.35 
Creal BPrings 5 cece TiC UBT ON oc ae 0.2 
NS es ee oe as BO re 8 ee 0. 65 
TE TREO co dcwctalan emcee le Oh Re a se 0.7 
MOR MOE soto ook ca ak cacued STS Rt 0.7 
COE here i es oe i ee 4.0 
Eden Creek Ranch.............. TR se 
aie acai ented kcal leaps ae She FN es in a ke 0.5 
aie are oe 0:6 | Sharp's ¢Adaven).—.... io 
IN oo eh so ee ee he fcc are dete ee 0.7 
PO TRON soe Ok GS | ORO a eee a9 
RG Sinica Saas eee eee Gee CPR ae ee, ee 0.6 
Nc cc ae Sa Eee eS Zo. WU RN SPER oo 0.5 
MEN Gigeto aan 1.0 | Warm Spring Ranch_---________ 1.0 
MOT NOG sot ate tite ea bemcends 0.5 
UTAH 
Roentgen Roentgen 
I cinta Sie ee aac cal aetna he SS NOOO a a 0.5 
Amerson JUNCHON cise cccnacs Rs > Bea Caw a es 0. 85 
Bear Valley Junction.......___ GS PING Canteen 0.6 
ica a a a O: 25:1 NOW ERAN Gs occ oe 1-3 
Sia Siig ai dngncea een eae OD | CRORE is io 1.5 
Bh a CRORE Re@ | ream en 0:2 
CC ON ch eth he On 4 |) ari i eo ee 0. 4 
IN i ea ee ee OE hai ak scien Sect ee as 0. 4 
I fas icieticiie tai OO rR es 1.2 
re a ee ee sD PR ia eas 3.0 
MUNIN i gre re ae a 2c GF Se C000 Cia i neinnnn scion oee 3.0 
RUBMATO ORG os ee OG} Sate Ciaran oss eee ae 
RRP NN tes ces cade i i Dace 49 | BWW sce ecetiicnmkaseeembes 2.8 
Uo ae ae Ty Ge Ee ee 
PAP POVINIG se a Be POON Oi cata siccscd acdc rede 2.0 
oo tra eee ee ee 2.0 
ON VO oo rs ee eos ae ee a Vs a ee 1.5 
| ee eoreeee aor nee ae OCG: 1 WW ae 2 ses eee 3.0 
PUTS TN a a OS Ne oi iceaccen deena 0.3 
ARIZONA 
Roentgen Roentgen 
NY NN i ccs easiest 2 NE IN a iisccsivssncnictscatessenieaisila 1.6 
PICONET nf) tt ee ee 2:6: Vi Wot Sile-. ns 1.3 
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Ficure 3 


Theoretical Accumulated 
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ere * ASSUMPTION 
vB a =) 4a a, be 1. Fallout occurred at 


athe one hour after detonation. 


Sey a 2. Radiological decay 
followed (time)-1.2 


ns 7™nour- - 3. No shielding or weathering 
real 1 week effects. 
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Ficure 4 





Dose Rates on The 
sland of Ro 






10 


Milliroentgens per Hour 


~———— Gamma Dose Rates Three Feet Above 
Ground on Island of Rongelap 











—— 0 — Theoretical Decay According to 
Time )“+°< (Starting D+1 days). 


Estimated From Relative Theoretical 

Gamma Dose Rates, Decay Rates of Fission 
-—=—= Products, Energy of the Gammas, and the 

Number of Gamma Photons Per Disintegra- 
tion. 


10 100 1000 
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FiaguRe 5 









DOSE (PER CENT) 


° 0.2 0.4 0.6 0.8 1.0 12 1.4 1.6 
GAMMA ENERGY (MEV) 


Ficure 6 
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Spy. 
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PATUXENT RIVER 
NAVAL AIR STATION 





Ficure 8 


ESTIMATED RADIATION DOSES (Roentgens) 
FROM ALL NUCLEAR TESTS 
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Fiaure 9 
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IDEALIZED FALLOUT DIAGRAM 
BASED ON MARCH 1, 1954 HIGH-YIELD NUCLEAR DETONATION 


ISODOSE LINES ARE EFFECTIVE BIOLOGICAL DOSES (ROENTGENS) 
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Fiaure 10. (See also table 3, p. 183.) 





Figure 11.—Detonation during Operation Ivy; Fall 1952. 





RADIOACTIVE FALLOUT AND ITS EFFECTS ON MAN 197 


U. S. Atomic Eneray ComMISSION, 
Washington, D. C., March 20, 1957. 
Hon. Cuer Hovririerp, 
Chairman, Military Operations Subcommittee, 
Congress of the United States, 


Dear Mr. Horirrerp: This is in reply to your letter of February 25, 1957, 
requesting “(a) the roentgen readings on Rongelap Atoll as of January 1, 1957; 
and (b) the roentgen readings as of the same date on the downwind island of 

sikini Atoll where the fallout might be expected to simulate that of a suburban 
area of a big city.” We do not have the data in the exact form which you re- 
quested, but are glad to give you the following information concerning radia- 
tion levels in these areas. 

The last survey which we made of Rongelap was at the end of July 1956. 
This survey showed dose rates ranging from 0.2 to 0.5 milliroentgens per hour 
with an average of 0.4 milliroentgens per hour. Previous surveys had indicated 
that the dose rates in July 1956 would be aboout 0.1 milliroentgens per hour. 
The higher value found in July 1956 was undoubtedly due to the small additional 
fallout that occurred during Operation Redwing. If so, because of the relatively 
rapid decay of this fresh radioactive material we would expect that at the 
present time the radiation level is again in the neighborhood of 0.1 milliroentgen 
per hour or less. This is about one-half the currently recommended maximum 
permissible rate of exposure for general populations. 

Gamma dose rates on the island of Rongelap observed in previous surveys are 
shown on the attached graph. The plotted points through which the solid line 
is drawn represent gamma dose rate readings at a point of 3 feet above the 
ground. The break in the curve between the 10th and 25th day was undoubt- 
edly due to the first heavy rains that were known to have occurred after the 
detonation. Aside from this break you will note that the observed decrease of 
the gamma dose rate during the first 2 years follows rather closely values pre- 
dicted from theoretical considerations. 

The gamma dose rates on other islands in Rongelap Atoll have not been fol- 
lowed as closely but the data indicate similar rates of decay with the most 
heavily contaminated island being about 12 times higher activity than Rongelap 
Island. This was the uninhabited island of Naen on the northwestern rim of 
the atoll. The decay rates have not been similarly followed on the islands of 
Bikini because additional fallout occurred on these islands from subsequent 
detonations during Operation Castle and again during Operation Redwing. It 
would be expected, however, if the rates of decay for the March 1, 1954, fall- 
out could have been followed, they would have been somewhat similar to those 
shown in the graph. (See p. 192.) 

For any single fallout event, the degree of initial contamination in any area 
depends upon many variable factors. In general, the data suggest that after 
March 1954. Also plans are being developed for a continuing and long-range 
and the corresponding radiation dose rate in close-in areas (i. e., 10 to 20 miles) 
are not greatly higher than at 100 miles downwind, under wind conditions of 
some 15-20 miles per hour. However, it is important to realize that the radia- 
tion dose received by unprotected persons in the close-in areas is greater be- 
cause they would receive a substantial portion of their total dose during the 
time required for the fallout to reach the more distant areas. You will recall 
that the fallout on the island of Rongelap started at about 5 hours following 
the detonation. 

The Atomie Energy Commission is currently preparing a report summarizing 
the data from the surveys that have been made in the Marshall Islands since 
March 1954. Also plans are being developed for a continuing and long-range 
program of monitoring these areas. 

Sincerely yours, 
Davin L. SHaw, 
Assistant General Manager. 


Dr. Dunnina. In describing and evaluating the effects of fallout, 
it is necessary to consider the characteristics of the radiations emitted 
from the material. These are of three types, as you learned yesterday : 
Gamma rays, beta particles, and alpha particles. 

The gamma rays are the emissions of principal concern, because of 
their greater range, and we will speak primarily of them. 
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The gamma radiation dose that one may actually receive from fall- 
out, and the biological effects are dependent upon five principal factors, 
Let us consider each of these 5 factors briefly, and then attempt to inte- 
grate them into 2 illustrative examples. 

The first factor is radiological decay. 

The decrease in radioactivity of fallout material roughly follows 
the relationship of time to the —1.2 power. 

I have illustrated on the first chart the doses that might be accumu- 
lated if fallout were to occur 1 hour after detonation. If you were 
standing out of doors, fully exposed, from the first to the seventh hour 
after the detonation, one would accumulate 32 percent of the total pos- 
‘sible exposure in that area. From the seventh hour to 1 week later, 32 
percent more, and from 1 week to the full lifetime of the radioactive 
material, the other 36 percent. This is based on a 1-hour fallout. 
(See p. 191.) 

If the fallout occurs at later times, then the exposures accumulate 
much less rapidly. In other words, it would take much more than the 
first 6 hours to accumulate the 32 percent of the total possible dose. 

The second principal factor that determines doses and effects is 
weathering and shielding effects. 

Obviously, these vary from time to time and place to place, so we 
cannot make any precise evaluation of them, but we can make some 
generalizations. 

Based on data from the Pacific tests, especially the one of March 
1954, we found that the dose rates on the islands were reduced by a 
factor of about two after the first heavy railfall; but after that the 
subsequent rainfalls did not seem to reduce these dose rates appreciably. 
However, there are good data lacking on the effects of rainfall on 
relatively heavy fallout patterns for large land masses having different 
soil characteristics, or on built-up areas. 

The next chart summarizes some of the estimates of shielding that 
might be expected from different type structures. These are based 
principally upon theoretical calculations, since there are a paucity of 
field data. (See table 1, p. 182.) 

In an ordinary 1-story frame house, such as many of us live in, on 
the first floor there would be about 50 percent as much exposure as 
there would be out of doors, In the basement, the center, about 10 
percent as much as that out of doors; on the side of the basement less 
than 10 percent; in other words, better protective factors. 

For a multistory reinforced concrete, on lower floors away from 
windows, a factor of 10; and for the basement we are again down to 
one-tenth of 1 percent of the out-of-doors exposure. 

Likewise, with shelter equivalent to 3 feet of earth, we are down to 
one-tenth of 1 percent of the outdoor exposure. 

Senator Hickentoorer. Mr. Chairman ? 

Representative Hortrretp. Senator Hickenlooper. 

Senator Hickentoorer. May I ask about the building, the frame 
house. Does that contemplate all the windows closed, or does it con- 
template free access of air? Or is it in the blast area? Or where are 
these houses located, for the record ? 

Dr. Dunnina. The assumption is made here that the windows are 
closed. If the windows and doors are open, this in itself makes little 
difference, but then, as you implied this will allow the radioactive ma- 
terial to drift into the house, and, of course, raise your level. 
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Senator Hickentoorer. How does the radioactive material get into 
the house if it is a closed structure ? 

Dr. Dunnina. These are the actual gamma rays coming from the 
material lying outside, and they will pass right through the walls, and 
in doing so will be partly absorbed, but nevertheless in this case we 
estimate about half of them will get through the walls. 

Senator Hicken.Loorer. Gamma rays coming from particles in the 
atmosphere ? 

Dr. Dunntne. That is right, sir. 

Representative Hortrrmetp. There is a significant difference on the 
point that Senator Hickenlooper brought up, and that is that your 
gamma rays are rays which penetrate building materials in the one 
instance, but in the case where the windows have been blown out or the 
doors are open, the fission fragments can drift in and settle and emit 
the same type of rays without any shielding at all. Is that not true? 

Dr. Dunnine. That is correct, sir. 

One example of the effect of winds—one example of winds occurred 
at the detonation at the Nevada test site in 1953, when strong winds 
blew almost at right angles across a narrow band of fallout field on the 
second and third day after the detonation. The gamma dose rates on 
the fourth day were found to be less than predicted without winds by 
factors ranging from 3 to 6. In other words, the winds simply blew 
this material away, or it worked itself into the ground. But the 
effect of winds would not be expected to be as great as this for large 
contaminated areas of nonsandy soils, 

The third factor that affects doses and biological effects is that of 
energy of these rays, discussed at some length yesterday. So I merely 
mention that the energy does determine the depth to which these rays 
will penetrate an object as large as the human body, and also the 
energy of these rays will determine the amount of energy that is 
released to the tissues in passing through the body. 

It is quite a complicated process to try to estimate these various 
gamma spectra of the rays and to estimate their biological effects, but 
this is what is attempted when you say people receive so much dosage. 

The fourth factor is that of geometry. That is, it is found if you 
have radiation coming from only a point and passing through the body 
from only one direction, as it passes through the dose will drop off 
within the body. Simply some of the energy is absorbed. 

In the case of fallout, however, we have rays coming at you in vari- 
ous directions, sometimes all directions, and so we find then that the 
dose delivered within the body is almost uniform, that is, you get 
almost as much in the center of the body as near the surface. 

The last factor in determining dose and effect is the biological repair 
factor. It has been recognized, in general, that the longer the period 
over which a given radiation dose is delivered, the less is the resultant 
biological effect, except for such aspects as genetic effects. In situa- 
tions of heavy fallout and relatively large potential radiation doses, 
the biological repair factor may be cinerea in estimating incapac- 
itating and lethal doses. 

tepresentative Horirretp. At that point, will you give us an ex- 

lanation of what you mean by lethal doses, what ge 9 of cells in the 

ody can be repaired, or be replaced, and what type of cells or parts of 
cells are permanently mutated % 
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Dr. Dunniva. It is not so much the question of the cells as the effect 
on the cells. As you intimated in the last part of your statement there, 
it is believed that genetic effects or mutations, whether it be mutations 
of the gene cells or the somatic cells, the living cells within the person, 
these effects are linear with dose. That is, if you double the dose, you 
double the mutations. 

What I spoke of here was more the gross effect. In fact, I tried to 
indicate that when we speak about incapacitating and lethal doses, you 
ask yourselves the question: Is that man going to become so sick he 
cannot work? Is this man going to die? It is that more gross evalua- 
tion I had in mind when I spoke about biological repair, but there is a 
tremendous amount more to be learned on this factor. 

Representative Hortr1etp. You were speaking of the ability of the 
spleen to replace white corpuscles, and that sort of thing. 

Dr. Dunn1ine. It is tied up very intimately with the blood picture, 
the production of white and red corpuscles. 

Senator Pastore. On this very point, how far have our experiments 
in Hiroshima and Nagasaki gone in proving some of the things you 
have just developed here ? 

Dr. Dunntne. I think there is experience in the Japanese data, 
I think we do have some other limited experiences where others have 
been accidentally exposed to relatively high doses. In fact, Dr. Graves 
described briefly his experience yesterday. And we do have evidence 
of this biological repair factor, especially, as I say, in the blood picture. 

There is still a considerable amount to be learned in this, and I 
will not dare to go much further on this point at this time. 

Chairman Durnam. You are speaking just of the normal repair 
system, Doctor, by the body, and not by the addition of any medicines, 
or any type of treatment ? 

Dr. Dunnina. That is correct. 

Senator Pastore. Would you say that, comparatively speaking, we 
have not learned a great deal concerning this on experiments on ani- 
mals in Hiroshima ? 

Dr. Dunnina. I would not say we did not learn a great deal. Quite 
the opposite. I will add, too, that every time you learn 1 thing, 
there seems to be 2 more to be learned. It just opens up whole new 
avenues of thought and study. 

As you well know, most of our work has been done with animals, 
and then one is faced with extrapolating to man, and this is always 
uncertain. 

Chairman Dovetas. Did you participate in that, Doctor? 

Dr. Dunning. No, sir; I did not. Our present knowledge does not 
permit us to establish a precise overall relationship for the rate of 
recovery and degree of recovery, but the data seems to indicate that 
the rate of recovery in man is relatively slow compared with animals. 

Therefore, any biological repair factor would have its greater in- 
fluence where a total given dose is spread out over time rather than 
the doses that are given rather quickly in time, such as nearby fallout. 

Let us pass on, then, to the first of two examples. 

One of them is an exercise during the National Association of Civil 
Defense Directors meeting in Washington, D. C., April of this year, 
where it was assumed that four bombs were dropped simultaneously, 
as follows: 
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A 20 megaton on the Union Station, Washington, D. C.; 5 megaton 
cn the National Airport; 20 megaton on Baltimore, Md.; and 10 meg- 
aton on the Patuxent River Naval Air Station. The next chart will 
give a view of the resultant fallout pattern. (See top of p. 195.) 

The units are in roentgens per hour, but in these nearby areas es- 
sentially all of the activity is down within 1 hour; so that this is a 
fairly realistic picture. 

These are the numbers, such as 10 roentgens per hour and so on, to 
3,000 roentgens per hour. 

I would like to call attention especially to the 300 roentgens per 
hour line, since we will use this for an example in just a moment. 

Recalling that radioactive decay is rapid for this early fallout 
around ground zero, it becomes evident, if adequate protective areas 
are available, it would be wiser for people to remain indoors, rather 
than be exposed out of doors, to the out-of-doors dose during this pe- 
riod of highest activity. 

Likewise if a delay in movement is possible, there will be more 
of an opportunity to evaluate the situation, and to then effect an or- 
derly evacuation. 

Since each situation is unique, no rigid criteria will be proposed 
here for permissible exposures or for mandatory evacuation, since 
there may be other factors present as potentially hazardous as radia- 
tion. 

This chart was developed to illustrate the kind of thinking and 
planning possible for civil defense. (See table 2, p. 183. 

Looking now at the 300 roentgen per hour line, we may permit our 
rescue workers 25, 50, or 100 roentgens, let us say. If we allow our 
rescue workers only 25 roentgens, that means for them to move into 
this area and do their rescue work and move out again, they will have 
to wait until 16 hours after the detonation before they may do so. 
Tn that length of time, the populace that were in this area would have 
received 320 roentgens, and this is based on certain assumptions. This 
is based on one assumption of rather small protective factors [indi- 
eating |. 

Before the populace is fully evacuated, they would have received 
582 roentgens. On the other hand, if we allowed our workers to re- 
ceive 100 roentgens exposure during the rescue work, they could have 
moved in at 5 hours instead of 16 hours, after the detonation, during 
which time the populace would have received considerably less ex- 
posure, this [indicating] being again the total exposure, before fully 
evacuated, 

Looking at the last two columns, and especially the last one, it is 
based on the same situation; only in this case the populace is well 
sheltered. It isa factor of 10. We assume they are in good protective 
shelters. I say “good”—a factor of 10. It can be much better than 
this with well-constructed sheltering. 

Even here I think this illustrates the point [indicating]: While 
they are awaiting rescue, they receive significantly less doses than in 
the less protected shelter. It is the same context of meaning. If 
rescue workers are permitted 25 roentgens, the populace will receive 
76, as you note here. 

Interestingly, if the rescue workers move in early and take the popu- 
lace out of their relatively well-protected areas into the open, they 
may receive more exposure here than if they had stayed in place for 
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the full 16 hours. On the other hand, moving in at 5 hours may be a 
large advantage for first aid and rescue work, and this sort of thing. 

Representative Horrrrecp. Of course, this makes almost a conclu- 
sive argument on behalf of adequate shelter for the people, because, as 
you note there, if you take them out of the basement where they are 
getting a factor of 10 percent of the outside radioactivity, they must 
pass through an outside radioactivity which actually gives them an 
accumulation of radioactivity more than if they had stayed for, say, 
a week, in a shelter. 

Dr. Dunnina. This is quite possible, although this is not my area of 
work. 

Representative Horirrenp. Of course, it does not even compare with 
the amount the workers would get going into a contaminated area and 
coming out in a shorter length of time. They would get even more. 

Dr. Dunnine. That is right. 

Representative Horirreip. That is right. It shows it at the bottom. 

Dr. Dunntna. As I say, this is not my area of work. But it just 
seems to me, in case of emergency such as this, there would be such a 
chaotic condition that one of the worst things people could do would be 
to lose their heads and run out of doors, and, in a sense, run around 
in circles. It would be far better, if they have any kind of protective 
shelter, to stay put until they know what the situation is like, and then 
move in an orderly fashion. 

Then, in essence, this sort of thinking and planning, I feel, will be 
most valuable rather than striving to establish any rigid rules or cri- 
teria ahead of time. 

The second example of the dosage one may receive and the resultant 
biological effect is for a more distant fallout pattern. 

As has been described by Dr. Kellogg and others, there is a wide 
variability in possible patterns; therefore we can only generalize 
again. 

~The next chart is again an idealized pattern. By that, we mean a 
generalized pattern, because conditions will change from day to day 
and situation to situation, but if we take a generalized pattern based 
on the March 1, 1954, high-yield detonation, we see a pattern like this 
[indicating]. These are expressed in units of effective biological doses, 
because these incorporate all of the five factors I mentioned briefly 
at the beginning. ‘These are the best estimates of exposure that people 
would get if they continue to live in these areas without any special 
measures of protection. (See top of p. 196.) 

Representative Horio. What is the time element on that, 
Doctor? 

Dr. Dunniva. Sir? 

Representative Horiricp. What is the time element? Is that per 
hour of exposure ? 

Dr. Dunnivna. This is if they continue to live there for the lifetime 
of the activity, that is, a period of years, and took no special protective 
measures, merely went about their daily business. As you can imagine, 
there are certain assumptions that go into this as to how much time 
people spend indoors, in what type of buildings, and so forth. 

Representative Hotitrretp. Please repeat the numbers on your chart, 
because your testimony does not interpret the chart. 
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Dr. Dunnina. The 50-roentgen effective biological dose line extends 
out slightly beyond the 400 miles, and this area here [indicating] 
encompasses about 25,000 square miles. 

The 100-roentgen line encompasses about half of that, 12,500 square 
miles; and the 400 roentgen line about 5,000 square miles. 

This is suggestive of a number, 400 roentgens, where the people 
receive such an exposure that perhaps half would die. The 100 roent- 
gen is suggestive where a few percent might become ill. The 50 
roentgen line has no unique significance, but does suggest a number 
where evacuation should at least be seriously thought of in the face of 
other hazards. 

For those areas downwind, where fallout occurs several hours after 
detonation, these doses will not be accumulated rapidly. In fact, it 
will be a period of months, or if you want to go to the end of the curve 
of doses, it would take a peeled of years before you would get this 
full dose. So it would not require immediate emergency measures 
downwind this far [indicating]. 

The question is frequently asked as to the time one must spend with- 
in a shelter or remain outside of a contaminated area. Again, the 
answer depends upon what are the permissible levels of exposure, and 
what are the other hazards one faces if he does move out. But it does 
indicate that even in the areas of heaviest contamination that one may 
move in and do a short rescue work, and move out again, if you are 
willing to permit relatively high exposures to your rescue crew in the 
order of 100 roentgens. 

One then asks the question, How long would I be denied this area? 
How long before I can go back in there to live? 

We assume now they have been moved out. How soon may they 
move back ¢ 

Just taking 4 months later as a point of reference, at 4 months how 
would this picture look then ? 

Again, based on certain assumptions, this 50-roentgen line would 
have shrunk down to an area of shout 2,500 square miles, meaning if 
people move back in here 4 months later and continue to live there 
indefinitely thereafter in a normal fashion, then they would accumu- 
late about 50 roentgens, effective biological dose. 

Then you may extrapolate still further and say, “How about 1 year 
later? What will this pattern look like then?” Again, it is quite 
uncertain. But based on certain assumptions again, the 50 roentgen 
line would have disappeared. In other words, there would be no area 
in here where people would accumulate 50 roentgens of exposure if 
they move back in 1 year after the fallout and continue to live there 
indefinitely. 

This does incorporate the biological repair factor, but there are such 
effects as genetics, as I mentioned, that are linear. In this hottest 
area it is conceivable there could be several hundred roentgen doses 
delivered to people who move back in there 1 year later and continue 
to live there normally. 

As I said before, the biological repair factor would bring this down 
below 50 roentgens, but in terms of genetics, and such aspects, the 
actual dosage might be several hundred roentgens. 
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Representative Horirretp. Then this would mean that large areas 
of land might remain unoccupied for a considerable number of 
months? 

Dr. Dunnine. Yes. But I was about to mention that this is based 
on the assumption that people do nothing to protect themselves, and 
nothing to decontaminate the area; simply let it lie there and decay. 

Representative Horar1exp. It is a very difficult job to decontaminate 
the large areas of the earth. 

Dr. Dunninc. That is quite true. Probably one of the best pro- 
cedures, if one can afford to do this, is merely to wait and let the 
activity decay away. But in this area of highest activity which would 
encompass, perhaps, a few thousand square miles, perhaps measures 
could be taken on decontamination which would not have to be done 
in the larger 25,000 square mile area. 

Senator Bricker. What processes of decontamination are available? 

Dr. Dunnine. This is a whole subject in itself, sir. I will just 
briefly mention that the United States Naval Radiological Defense 
Laboratory in San Francisco have made considerable studies on this 
subject, and have proposed certain measures of decontaminating build- 
ings and land areas. How effective they are I think is yet to be 
shown. There has been some experimentation, but I feel a great deal 
more needs to be done. 

Chairman Duruam. You are speaking primarily to gamma rays 
now; are you not? 

Dr. Dunnina. Yes; this has been completely on gamma rays. 

There are other types of rays. The beta rays are of concern, it 
appears, according to our present data, only when the fallout mate- 
rial comes directly on the skin and remains there for a period of time. 

In the case of the fallout of the Marshallese, it was very illumi- 
nating to note that even a single layer of cotton clothing was enough 
to eres serious beta dose to the skin, and where the fallout mate- 
rial did Jand on the skin and did remain there, such as in the folds 
of the neck and in the elbow, there were these so-called beta burns, 
burns of the skin from these beta rays. Yet, where they had the light 
clothing on, there were no burns. Nor were there any on even the 
lower part of the leg, but there were on the feet where again the 
material had been scutied up from the ground. 

Representative Iforirrerp. Can you refresh the committee’s mem- 
ory on how many days later this exposure occurred, and how far the 
place was from the point of detonation ? 

Dr. Dunnina. The inhabitants of Rongelap Island were about 110 
statute miles from the point of detonation. Some were evacuated 
at 36 hours, and some at about 48 hours after detonation. Upon 
evacuation, they took baths. Some of them did beforehand, and 
some of them not. It would appear that those who did take baths 
in the ocean did not get beta burns. It is merely a physical picture 
of moving the material from the body. ; , 

Representative Hortrretp. I referred to that specifically, and I am 
glad you answered the way you did, because this gives you a chance 
to answer also in regard to the Japanese fishermen on the Lucky 
Dragon as to how many days later it was they were supposed to have 
received their exposure. 

Dr. Dunxnxinc. They were generally in the same distance, only 
somewhat closer than the Rongelapese. The fallout occurred on 
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them, and they did not wash in general. Most of the dose was 
delivered in the first few days, and so it is a question of getting it 
off and getting it off fast. 

The next topic we will discuss is that of internal exposure which 
has been mentioned several times before this committee. 

The principal hazards from intake of relatively large amounts of 
radioactive fallout for several weeks immediately following a nuclear 
detonation are doses one may get to the gastrointestinal tract, to the 
thyroid, and to the bones. 

My written report to this committee considers in detail the amount 
of ingested fission product activity material required to produce cer- 
tain radiation doses to these critical organs of the body, and the 
possible biological effects therefrom. 

It is a somewhat long, complicated story, Mr. Chairman, and I 
would let it go at that, and quote one conclusion, and that is: If the 
degree of contamination of an area is such that the external gamma 
radiation may be accepted, for continuous occupancy, then probably 
the internal hazard would not deny this occupancy. 

I think some folks get somewhat confused. They say: “Fine. I 
think I begin to understand the external doses, but should I drink 
this water? And should I eat this food?” 

As I say, as an overall generalization, this conclusion would appear 
to be so, but like most of these it is tentative and awaits further 
information. 

Representative Hortrierp. There is this one factor I think you will 
recognize: That in the ingestion of material from the secondary source 
of vegetables or milk, you would be ingesting the long-lifed element 
of strongtium 90, and not the comparatively short-lived gamma or 
beta rays. 

Dr. Dunntna. That is correct, sir; and my conclusion took that into 
account. 

Representative Hortrretp. Of course, while it might not be lethal, 
and would not be lethal in the quantities you speak of, it would be 
residual within the bones or the tissues of the body, and would be a 
permanent infestation, you might say. 

Dr. Dunninc. That is correct. But then one must go from there 
to the next step, and say, “What is the actual dose delivered to the 
bones from this internally deposited material?” Because actually 
there is no significant difference between a roentgen of exposure, 
whether it comes from strontium 90 or from gamma rays, coming from 
material lying on the ground. 

That is what I put into this conclusion when I said the amount of 
material that one gets into the body by eating food and drinking water 
in such an area would be acceptable in the sense that it would be far 
below lethal amounts. But I think we have to make a distinction in 
our mind here between peacetime tolerance levels and wartime. I do 
not have any specific number in my mind, but in these areas where 
we might permit occupancy in the case of warfare, they would prob- 
ably accumulate internally deposited materials that would be in 
excess of our peacetime standards. I think we have to make this 
distinction. 

Representative Horirretp. Is there a distinction between an area 
that has a hundred roentgens of gamma radiation and its effect upon 
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the body and, say, the ingestion of 5 or 10 roentgens which remain 
permanently in the bone now? 

Dr. Dunnina. There is very little difference between a roentgen 
delivered from internal or external sources. 

I think, in general, one can make the flat statement that a hundred 
roentgens, whether it comes from material on the ground or in material 
you eat, and that goes to the bones, is about the same. 

Representative Horirrerp. It is a hundred roentgens, but it is not 
a deposit of strontium 90, which has a persistence over a period of 
28 years, while your outside exposure, you might say, to gamma rays 
or beta rays, would be something that would be temporary in nature 
and would be subject to repair, where a permanent deposit in the bone 
marrow would be permanent as far as the half-life is concerned; and, 
therefore, it would be something that you could not get away from, 
you might say. 

Dr. Dunninea. Yes; I understand. I just repeat that, if we forget 
the time factor for a moment and simply say that so many roentgens 
of exposure to the bone, it makes no difference whether you get the 
hundred roentgens from the gamma rays or from the material in the 
body. It stays there. Sure, it persists there. What I was saying, as 
long as it persists, we have the doses year by year by year, and if it 
all adds up to a hundred roentgens, this is no different, in a sense, from 
a hundred roentgens of gamma rays, except possibly for the time 
factor. 

Representative Hortrrevp. This is getting in pretty deep water for 
me. My thought was that you have a permanent localized area of radi- 
ation in the ingestion of strontium 90, where you would not neces- 
sarily have a localized concentration of it in the case of allover bodily 
exposure of a hundred roentgens. 

Senator Bricker. I think there is a misunderstanding generally 
about the amount of strontium 90 that can be put in the bones from 
ingestion, because there is only a small percentage of fallout of stron- 
tium 90 that goes to plantlife, and only a limited percentage of 
strontium 90 that goes to animal life, and only a little percentage 
of that which goes into milk or meat. I think it is something like 6 
percent. 

Dr. Dunnina. If I may move on, that was my next point here. 

Again now we are thinking in terms of warfare, and not in terms 
of testing. 

We have the situation of this March 1 shot, where we have a rela- 
tively heavy fallout from a high yield weapon that appeared on the 
islands in the Pacific, Since then, we have had 10 radiological and 
biological surveys of these islands, I thought the committee would 
be interested in a summation of those data, that is, what was the actual 
contamination of environment in terms of food supply. 

I would like to preface by saying that any conclusions are tentative 
because there are many uncertain factors here, but at least the data 
suggests in terms of strontium 90 the activity in plantlife in these 
islands built up over 1 year, that is, it takes time for material to get 
into the soil, plantlife, and edible parts. 

By using rough extrapolations, the data suggests that if plantlife 
had been growing in the area of heaviest contamination it might have 
contained 10,000 to 30,000 Sunshine units, at 1 year’s time. The cor- 
responding values for the soils are several times higher. Based on 








a = © © 0 


eet ee lke ee Ot 


OO oe re eo 








RADIOACTIVE FALLOUT AND ITS EFFECTS ON MAN 207 


certain assumptions, these data suggest possible levels of strontium 
90 in the bones of animals from continuous consumption of this food, 
of a few thousand to several thousand Sunshine units. Now the maxi- 
mum permissible body burden for adult atomic-energy workers is 
equivalent to 1,000 Sunshine units. 

There is some confirmatory evidence for this crude evaluation. A 
variety of native animals were left on the island of Rongelap after 
the fallout in March 1954. They were collected and sacrificed serially 
in time. Even after 2 years of continuous occupancy it was reported 
that there were no pathological changes that could be aesibel to 
radiation. Their bones contained from about 100 to a few hundred 
Sunshine units. Since the areas of highest contamination were about 
12 to 14 times greater than Rongelap, an extrapolation would suggest 
values in the same range, that is, if animals had lived in the area of 
greatest contamination from this fallout, they might have accumu- 
lated from a few thousand to several thousand units, of strontium 90 
in their bodies. 

The Pacific island soils have higher calcium content than most soils 
in the United States, and, of course, there are differences in the type of 
plantlife and in the climate. However, theoretical calculations sug- 
gest that the same fallout in the United States might result in some- 
thing like 100,000 Sunshine units in the soils of the United States with 
the highest contamination. Humans living exclusively off the foods 
grown in these soils might accumulate a body burden of strontium 90 
of a few thousand to several thousand Sunshine units, keeping in mind 
that 1,000 is the maximum permissible body burden for atomic-energy 
workers. 

Chairman Durnam. Doctor, the effect of a hundred roentgens from 
the soil would be no more toxic than the 100 roentgens from the 
strontium; is that correct ? 

Dr. Dunntnoa. As far as the bones are concerned, it is correct. If 
you receive 100 roentgens from the gamma or strontium, it is essen- 
tially the same thing. 

Chairman Durnam. I was thinking of gamma rays. 

Representative Horirrerp. Let me ask this question on that very 
point: If the 100 roentgens were ingested, would they not tend to go 
to certain organs of the body and have a concentrated effect, and, 
therefore, more of an effect upon, let us say, the liver or the spleen, or 
some other organ of the body that might be vital to the life of a man, 
than if the 100 roentgens were spread over the whole body ? 

Dr. Dunntno. If you could turn that around just a bit, Mr. Chair- 
man. The way we compute it, we asked the question, How much 
material taken into the body will essentially result in 100 roentgens to 
the bones, to the liver, et cetera? We start the other way around 
from what you are saying. We simply ask how much material does 
one have to take in to end with a 100 roentgen dose. So we have 
reached our conclusions 





Representative Hortrretp. Again, are you not faced with the fact 
that you could not give a uniform dose of a hundred roentgens to every 
organ in the body, because some organs of the body—and I am speak- 
ing now in the case of ingestion of food or drink—some of the organs 
of the body would naturally process that, and it would be deposited 
in those organs rather than in the outside skin and toenails, and so 
forth. 
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Dr. Dunnina. That is correct. When we speak of external gamma, 
we mean essentially that each and every part of the body receives 
this 100 roentgens. 

Representative Hottrtevp. This I can understand, but I cannot un- 
derstand how you can ingest contaminated foods or liquids and have 
it affect the body uniformly. 

Dr. Dunntne. I did not mean to say that. If I did, it is incorrect, 

Representative Hotirretp. You did not say it. I am saying it asa 
question or a statement for clarification. 

Dr. Dunnine. You are quite correct. 

Representative Hottrretp. Am I right in my supposition ? 

Dr. Dunnina. You are quite correct. 

Chairman Durnam. What we are saying, Doctor, whether it comes 
from Sunshine or whether it comes from strontium 90, that is, the 
gamma ray, it is no different as far as the effect of it, as if the same 
dose is taken. 

Dr. Dunnina. That is correct, sir. 

Lastly, then, I would like to mention briefly about the testing, and 
I do think we have to make a sharp demarcation in our minds that we 
have up to now been talking about more of a warfare situation. But 
intimately tied up with this is the testing. 

Very extensive efforts are expended to protect the public in the plan- 
ning of test nuclear detonations, and in the monitoring programs in 
operation during and between the test series. These are described in 
a detailed written report to the committee previously. 

Since 1951, the United States has conducted 11 series of nuclear 
tests, 5 at the Nevada test site, and 6 at the Eniwetok Proving Ground 
for a total of more than 63 test detonations. A sixth series is cur- 
rently underway at Nevada. So I understood by the report this 
morning. 

The major effects near the testing sites of the fallout was on the 
inhabitants of some of the Marshall Islands in March 1954, which will 
be discussed by others, and fallout on the 23 Japanese fishermen. 
Worldwide effects will be discussed by others. 

Since the committee manifested an interest yesterday in the fallout 
nearby, especially in Nevada, I do have a chart that may be of interest 
to you. This is our best estimate of exposures in areas around the 
Nevada test site. The units are roentgens of gamma exposure. ‘They 
are based on certain assumptions, one cf which is that the total dose 
is this [indicating] if one continues to live there indefinitely. (See 
bottom of p. 195.) 

With those numbers before you, I would like to recall to your mind 
the recommendations of the National Committee on Radiation Pro- 
tection and Measurement, and the recommendations of the National 
Academy of Sciences, which, in lay language, sort of lays the ground 
rules for our permissible exposures. 

Both committees—expressed in somewhat different units, both com- 
mittees said, in essence, that for individual exposures the maximum 
permissible amount should be 50 roentgens up to age 30. 

Representative Hotirrevp. At this point, it might be well for you to 
explain the term “Sunshine unit” in relation to roentgen. Is that 
not an occupational unit of measurement rather than a general popu- 
lation unit of measurement ? 
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Dr. Dunntnea. The Sunshine unit is a coined phrase which is used 
to express the amount of strontium 90 in relation to the amount of 
calcium, whether it be in the bones of man, or in the soil or anywhere 
else. Just like when one buys milk, you have to have some unit. It 
is merely a coined unit so that one in this business may know how 
much strontium 90 you are taking about when you say 1 Sunshine 
unit. 

Representative Hotirretp. It is not to be confused with a roentgen ? 

Dr. Dunntina. That is correct. One could mathematically figure 
out the amount of roentgens 1 Sunshine unit would produce, but it is 
not the same. 

These again are not Sunshine units; these are the more familiar 
roentgens that we have recently spoken about. So again we say that 
the maximum permissible exposures for individuals is 50 roentgens 
up to age 30. 

Now, for general populations, which one may define as a million 
people or more, the maximum exposure from manmade sources, the 
maximum number recommended is 10 roentgens up to age 30. 

So we have for individuals 50 roentgens, and for general popula- 
tion, 10 roentgens up to age 30. 

Now, let us look at the records of exposure to populace in these areas. 

The highest fallout exposure was in this motor court near Bunker- 
ville, Nev., in 1953, where the people might have accumulated 7 to 8 
roentgens of exposure. This might rightfully be compared to the 50 
roentgens that I mentioned before as a ground rule. 

In terms of general populace around the Nevada test site, I had 
a little problem finding a million people for a general population, but 
if one mentally makes larger and larger circles until he encompasses 
a million people, then the average exposure to the 1 million, is one- 
tenth of a roentgen for 6 years of testing, which is at the rate of one- 
half a roentgen per 30 years, which is one-twentieth of the maximum 
exposures ccueuiaiel by the 2 committees. 

Representative HoutrreLp. This would be on one test? 

Dr. Dunntna. These are all tests. I am sorry. 

Representative Hortrrep. This is the accumulation of all tests? 

Dr. Dunnine. This is the accumulation from all tests; not only 
Nevada, but all others. This is the sum total. 

Lastly, on air and water concentrations, the internal exposure side 
of the record, I would say this: The highest concentration of activity 
in the air off the test site in the spring of 1953, the Nevada test site, 
amounting to 1.8 microcuries per cubic meter of air averaged over a 24- 
hour period. It was estimated that the radiation dose to the lungs 
from this activity was less than that delivered every month by nat- 
urally occurring radioactive isotopes in the air that we breathe every 
day. 

Representative Hoirrevp. That is based on an average, but not 
necessarily a hot spot locality ? 

Dr. Dunnine. This was the highest concentration of air found in 
any populated area. There are higher concentration spots on the 
gunnery range, the control area. 

Representative Hortrretp. When you speak of normal does that 
mean sunshine ? 

Dr. Dunnine. When I said the doses to the lungs? 

Representative Horirietp, Yes. 
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Dr. DunntnG. In this room, right in this air, there are naturally oc- 
curring radioactive materials, Every time you breathe in you get a 
certain radiation dose to your lungs. 

What I was saying, then, was that by living normally over a period 
of a month, we have a certain dose delivered to our lungs from this 
naturally occurring material. Then I compared that with the people 
who were in this area where the fallout occurred, and said they 
breathed in the fallout, and then asked how much dose did they receiv 8 
to the lungs from the fallout. And that is when I made the comparison 
that the dose from the fallout was less than they would have received 
each month from breathing naturally occurring substances. 

Senator Bricker. That is background radiation principally? 

Dr. Dunnine. That is correct. 

Senator Bricker. Have you anything to say about the effect upon the 
length of life? Lask that because of animal experimentation. Is there 
any indication that radiation does shorten life? 

iv. DunntnG. This is again a topic in itself. I am not an authority 
on it, and would prefer to leave it to those who follow. 

Senator Bricker. I am advised again there is a witness later. 

Dr. Dunnine. I think, again, one has to distinguish, though, be- 
tween chronic and acute doses, There apparently is a significant ‘differ- 
ence in life shortening effect in large doses delivered in a short period 
of time versus low doses over a long] period of time. 

Senator Bricker. Even though there may be some effect from each ? 

Dr. Dunnina. There may be some effect from each. I would leave 
the conclusion to others on that. 

Lastly, how about the water contamination ? 

Once again, the record says that the highest concentration of activ- 
ity in w ater off the controlled area was at Upper Pahranagat Lake, 
Nev., in the spring of 1955, amounting to 1.4 times 10 to the minus 4 
microcuries per milliliter at 3 days after the detonation. This is one- 
thirty-sixth of the amount considered safe for continuous consumption. 

Representative Hottrreip. Doctor, referring back to your statement 
on the Riverside motel cabin, what did you say their exposure was 
there? 

Dr. Dunntna. Estimated exposure to people, if continued to live 
there, was 7 to 8 roentgens. 

Representative Hotmiretp. We have in the committee record a docu- 
ment prepared in February 1955 by yourself, in which you say: 

In the case of Riverside Cabins, however, the radiological conditions were not 
ascertained until after the fallout had occured. The maximum infinity gamma 
dose in the later case was 12 to 15 roentgens. 

Tfave you revised your opinion, or how do you reconcile your two 
statements? 

Dr. Dunntna. No, sir; I have not revised it. It is the difference in 
units. The infinity exposure is on the assumption that people live out 
of doors 24 hours a day, that there is no effect of weathering and shield- 
ing, that the material lies there, neither is lost by wind nor rains, nor 
does it sink into the ground. 

We went back and made a study of that area and of the shielding 
effects of the homes and of the weathering, and were able to take a 
series of measurements of dose rate readings, with times, and by this 
we came up with this estimate of actual exposure of 7 to 8 roentgens. 
So the difference is in the units. Infinity does mean where they could 





te! 
kn 
of 
gre 


1S 


gC 
w! 
in 


eu 


is 


th 
va 
or 
ot 


As 
do 
th 
ra 
th 
en 
ur 
of 


in 








RADIOACTIVE FALLOUT AND ITS EFFECTS ON MAN 211 


not have been any higher than this. In other words, we were giving 
outside limits, and a complete analysis of the situation led us to believe 
that the actual exposure would have been 7 to 8 roentgens, 

Representative Hotirtevp. Thank you very much. 

Are there any further questions ? 

We have about 5 minutes. We have a few questions, Dr. Dunning. 

If weather and terrain factors cannot be generalized, how reliably 
can one evaluate the situation at any particular locality? What infor- 
mation do we need to make such evaluation ? 

Dr. Dunnina. I did not hear the first part, Mr. Chairman. 

Representative Hortrietp. If weather and terrain factors cannot be 
generalized, how reliably can one evaluate the situation at any particu- 
lar locality ? 

( Discussion off the record.) 

Representative Horirretp. Dr. Dunning, will you please answer the 
question now ? 

Dr. Dunnina. From a precise scientific point of view this is cer- 
tainly questionable. However, I think we are faced with the problem 
of either making our best estimates for planning purposes, or making 
none. It is on that basis that we have made our best estimates. We 
simply have said we know something about the effects of winds, we 
know something about the effects of rains; we will, therefore, try to 
generalize on what they might be under certain situations. 

I do not think anyone is guaranteeing that they will be precisely 
this way in the case of an actual situation, and the same is true with 
terrain factors. Again we know some effects of terrain factors. We 
know the shielding effect of a hill, for example, and the unevenness 
of the ground as it affects the radiation exposure. Again we must 
generalize for planning purposes, or not generalize at all. I think that 
is our choice. 

Representative Horrrrecp. Dr. Dunning, due to the time, we are 
going to have to adjourn. I am going to hand you three questions here 
which I would like for you to prepare answers to, and then we will 
insert them at the conclusion of your testimony. 

Dr. Dunnrna. I would be delighted to, sir. 

(The questions and answers referred to follow, together with a dis- 
cussion of radiological safety criteria and procedures for public pro- 
tection at the Nevada test site :) 

Question. How was the 450 roentgens lethal dose figure established? What 
is the range of competent opinion on this number? 

Answer. The lethal dose values for humans has been developed primarily from 
the Japanese data, plus extrapolations from animal experiments. The range of 
values for LD—50 values (half the people so exposed would die) are roughly from 
375 to 650 roentgens. But this range is not as great as these figures might imply. 
As I have suggested a roentgen of dose as measured in air may deliver different 
doses within the body, depending upon the geometry of the source. That is, if 
the radiation is coming primarily from a point source such as the immediate 
radiation at time of burst, the radiation doses within the body will decrease as 
the rays pass through. On the other hand in the case of fallout the rays are 
entering the body from several directions and thus the doses will be more 
uniform within the body. Under this second set of conditions a lesser number 
of roentgens as measured in air could produce lethality. The 375 roentgens was 


estimated on the basis of fallout conditions while the 650 roentgens was for the 
immediate radiations from the burst. 
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Question. How constant is the relation between air dose and the biologically 
effective dose in view of the known gamma radiation energy changes with time? 

Answer. It is correct that the energy spectra of gamma radiation dose changes 
with time and thus will affect the dose distribution within the body and the 
energy delivered to different parts of the body. Further, the energy spectra at 
any one time is quite complex, consisting of photons over a wide range of 
energies, except for long times after a detonation when only a relatively few 
isotopes remain, Such as cesium 137. All of these do complicate the problem of 
estimating the biological effects. However, there are other variables, such ag 
weathering and shielding and decay constants that have as great or probably 
greater influence in determining the effective biological dose accumulated. 

Question. Compare the numbers derived from the (time)** law decay with 
that derived from the application of the known gamma emissions from the fission 
products. 

Answer. The relation of (time)—*? was intended to apply to the actual disin- 
tegrations of the atom. We have accepted the rate of beta emissions as closely 
approximating the actual disintegrations of the atom. However, the ratio of 
gamma photons emissions to beta emissions varies with time (as does the 
gamma energies) so that the actual decay of gamma dose rates can deviate 
from the (time)**. This deviation probably is not very great until several 
mouths after the detonation, when theoretical calculations indicate that the de- 
cay is significantly greater than (time)™**. This is shown in figure 4 of my 
written report. Of course, presence of any induced activity can also result in 
a departure from (time). 





Discussion OF RaproLocicAL SAFETY CRITERIA AND PROCEDURES FOR PUBLIO 
PROTECTION AT THE NeEvADA TEST SITE * 


Gordon M. Dunning, United States Atomic Energy Commission, Division of 
siology and Medicine, Washington, D. C., February 1955 


INTRODUCTION 


The criteria and procedures set forth in the following paragraphs were estab- 
lished after full consideration for protecting the health and welfare of the public, 
both in terms of radiological exposure as well as possible hazards, hardships, 
or inconveniences resulting from disruption of normal activities. Criteria are 
established as guides for the test organization in determining whether any special 
actions should be taken to protect the public. 

With improved methods of predicting fallout and with the use of higher towers 
for detonating the nuclear devices, it is expected that fallout in populated areas 
from future tests at the Nevada test site will be less than the highest amounts 
which have occurred in the past. 

Two basie assumptions are made in this report: 

(a) It is the responsibility of the Division of Biology and Medicine to 
establish such criteria and procedures for the Atomic Energy Commission 
as deemed necessary to protect the health and welfare of the general pop- 
ulace from consequencies of weapons tests conducted at the Nevada test 
site. 

(b) The operational procedures adopted for meeting these criteria and 
procedures shall be the responsibility of the test manager, as directed by the 
Division ef Military Application, with the technical guidance of the Division 
of Biology and Medicine. 

The following criteria do not apply to domestic or wild animals since levels 
of radiation which would be significant to them would have to be higher than 
those specified herein. 

CRITERIA I. EVACUATION 
Introduction 

The decision to evacuate a community is critical for two principal reasons: 

One, presumably there might be a health hazard if the personnel were allowed 


* This document was based on data and thinking of nearly 3 years ago. Since then the 
criteria have been revised and are reproduced on pp. 248 through 258. It is planned to re- 
vise further these criteria based on additional data and experience gained from operation 
PLUMBBOB (1957 test series at the Nevada test site). 
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to remain. Two, there is always an element of danger and/or hardship to per- 
sonnel involved in such an emergency measure. 

It is recognized that extenuating circumstances may accompany any situation 
where conditions indicate evacuation as a mode of action. The size of the com- 
munity, areas, and accommodations available for the evacuees, means of trans- 
portation and routes of evacuation, disposition of ambulatory cases, protection of 
the property left behind, and many other factors may enter into the decision 
relative to evacuation. Further, it is recognized that, under certain conditions, 
the evacuation of a community might not only prove rather ineffectual but 
could result in more radiation exposure than if the population remained in place 
unless the situation be adequately evaluated. A blanket evaluation cannot be 
made in advance; each situation can be unique. The following criteria there- 
fore are suggested as guides in assessing the possible radiological hazards; the 
final decision must be made on the basis of all relevant factors known at the 
time. 

Criteria 


Table I-a summarizes the radiological criteria to be used in evaluating the 
feasibility of evacuation. 


TasLe I-a.—Radiological criteria for evaluating feasibility of evacuation 


Effective biological dose ! calculated to be Minimum effective biological dose that must be saved 
delivered in a 1-year period following fallout by act of evacuation (otherwise evacuation will not 
be indicated) 
Up 00 SO TOMER. oo ei do cisenn eesleseee No evacuation indicated. 
20 10: BO OMB go oo cccittintincaccthamstasamewd 15 roentgens. 
50 roentenes GAG NG oc. ids conacnecisesnidanes Evacuation indicated without regard to quantity of 


dose that might be saved. 


1 The “effective biological dose” is an estimate of a biological ‘‘damage” dose, taking into account the 


length of time for delivery of a given dose, and the reduction of dose due to (a) shielding afforded by build- 
ings and (4) the process of weathering. 


The rationale for table I-a is as follows: The total effective biological dose 
that would be received if evacuation were not ordered is obviously a determining 
factor. Another consideration is the fact that such an action as evacuation could 
be dangerous to the individuals and could also possibly be detrimental to a very 
necessary national effort of weapons development. One must then ask, “Just how 
much will be gained (radiation dose saved) by evacuation?” Estimates of 
these two variables are indicated in table I-a. Thus, a populace may receive 
up to a calculated 30 roentgen effective biological dose in 1 year without indicat- 
ing evacuation; from 30 to 50 roentgens, evacuation would be considered only 
if at least 15 roentgens could be saved by such action; and at 50 roentgens or 
higher evacuation would be indicated without regard to the possible savings in 
radiation dose. 

In making a rough estimate of radiation doses, one may calculate a theoretical 
maximum infinity gamma dose and then arbitrarily divide by some number, such 
as 2, for an estimate of dose actually received. Whereas this may be satisfactory 
as a first approximation, a more accurate estimate should be attempted, espe- 
cially when dealing with doses that might constitute a health hazard. 

Owing to the necessity of making early measurements and decisions, it is to 
be expected that dose-rate readings, taken with survey meters, will be available 
evidence at the times of concern. Table I-b summarizes the parameters consid- 
ered in estimating an effective biological dose based on dose-rate readings. 
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TasLe I-s.—Predicting effective biological doses from dose-rate readings 








A B oC D E 
Theoreti- 
cal maxi- Attenua- | Effective | Effective 
mum dose tion and | biological) biological 
(based on) Biological) weather- dose dose 
best esti-| factor ing factor | (column 
mated factor | (column | AXD) 
rate of BXC) 
decay) 
From time of fallout until time of evacuation. .......}.......... 1/1 1/2 EN sc citeccersnctns 
From time of evacuation to time of returm !_..-..--.-}..2...2.2. 3/4 3/4 OFT ccsnatan’ 
From time of return to a time 15 days after initial 
anes ee 3/4 3/4 CF b anssckake 
From 15 days until 1 year after initial fallout........|-........- 2/3 1/2 OP hicecesasnas 
OANA scan tle esac snc tis da sc cs ciel cae nab adidas Wiese eda cana sacha alsa alge A ni ceca 


1 This estimate is based on the concept that ifevacuation were not accomplished, then a certain radiation 
dose would be accumulated over the period of time selected. This time period also represents the radiation 
dose saved if evacuation were accomplished. 

? The value of 9/16 has been rounded off to 1/2. 

8 This assumes that the time of return occurs before 15 days. A period of 15 days was selected to provide 
a dividing point between the time of initial exposure from fallout to a time 1 year later. The 15 days has not 
unique significance other than providing a basis on which to estimate the biological factor. 


At a later time after fallout, better estimates of radiation doses received may 
be obtained from film-badge readings or dosimeters. If these film badges or 
dosimeters are worn on personnel and the evidence of their use supports the 
view that the readings are a reasonably accurate account of the radiation dose 
received, then the values recorded on the film badge or dosimeter may be accepted 
with a correction factor of 3/4 to account for the difference between the dose 
received by the film badge or dosimeter (including back scatter) and that re- 
ceived at the tissue depth of five centimeters. Table I-c may be used in esti- 
mating the effective biological dose from film badge or dosimeter readings. 


TABLE I-o 


A B Co D E 


Film | Effective | Effective 
Film Biologi- | badge or | biologi- | biologt- 
badge | cal factor |\dosimeter| cal dose | cal dose 


reading correc- factor (column 
tion (column | AXD) 
BXC) 
From time of fallout until time of evacuation__......}.........- 1/1 3/4 WE Faditinaaee 
From time of return to 15 days after initial fallout...}.........- 3/4 3/4 ty i Seances 
From 15 days until 1 year after initial fallout........]---.--..-- 2/3 3/4 MAE Bedeccetsaial 


OD aidan iininstcascescscnaksaissiehaed ssi ks aah cusaieeel Cliebieecd Malena baauaieas 


1 The value of 9/16 has been rounded off to 1/2, 


Discussion of the biological factor—As longer periods of time are involved in 
the delivery of a given radiation dose, lesser biological effects may be expected. 
From the time of fallout until the time of evacuation probably will be a matter of 
hours, which has been considered essentially an instantaneous dose, that is, the 
biological dose factor is 1/1. From the time evacuation could be accomplished 
to time of return probably would be a matter of several days, so the biological 
factor has been estimated at 3/4. From 15 days after fallout until 1 year later 
is essentially a duration of 1 year, so the biological factor has been estimated at 
2/3. It will be noted there is no calculation after 1 year, because it is expected 
under actual conditions of radiological decay and weathering that probably no 
significant dose will be delivered after a year’s time in populated areas around 
the Nevada test site. 

It is recognized that the precise quantities suggested for the biological factor 
cannot be supported by conclusive evidence. It is reasonable to expect that the 
delivery of a given radiation dose over a period of many days will have less 
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biological effectiveness than an instantaneous one (neglecting genetic effects) and 
that the extension of the period to essentially 1 year should yield a still lower 
biological factor. One piece of supportive evidence is the work of Strandgvist,' 
where X-ray doses to the skin were factionated into daily amounts, and the 
biological effects compared to a one-treatment dose. A log-log plot of total doses 
versus days after initial treatment yielded straight lines. For example, the curve 
for skin necrosis indicated a ratio of 3,000/6,700 roentgens for a 1-treatment 
versus 15 daily equally fractionated doses. Of course, daily radiation doses re- 
ceived from fallout are not equally fractionated, so that the ratio would be in the 
direction of unity. Day-by-day doses delivered from fallout from the 15th day 
to 1 year are more nearly equivalent than at early times (ignoring the weather- 
ing factor). Strandgvist data do not extend beyond 40 days and it is questionable 
to extrapolate his data in an attempt to derive a similar ratio as above based on 
1 year, since other uncertainties are so great, that is, effects of weathering as 
affecting the rate of dose delivery, and so forth. The ratio would presumably 
be farther from unity than for a 15-day period. The skin is a relatively rapidly 
repaired organ and thus may tend to overemphasize the effects of fractionation 
when considering whole-body gamma doses.’ 

Cronkite reports: * 

“In the dog, with cobalt gamma rays, the dose that will kill 50 percent of the 
dogs in a 30-day period when delivered in a single dose at roughly 15 roentgens 
per minute is approximately 275 roentgens. After this dose of radiation the 
animals become ill within a period of 7 to 10 days and deaths occur between 
the 8th and 25th day. Hemorrhage, infections, and profound anemia are prev- 
alent. If the dose is decreased to 100 roentgens per day given over a 14-hour 
period, the lethal dose is increased to 600 to 800 roentgens. Under both condi- 
tions, the animals die in approximately the same period of time with identical 
manifestations. If the exposure is dropped to 25 roentgens per day given over 
a 14-hour period, the lethal dose is then increased to well over 1,200 roentgen, 
and the symptoms and findings are changed.” 

One problem in such experiments is the evaluation of possibility that the ani- 
mals may be virtually dead while the exposures are continued. This might be 
illustrated in experiments using the burro where the daily doses of 400, 200, 
and 100 roentgens given to 3 separate groups required 3,600 to 4,000, 2,800 to 
3,200, and 2,000 to 2,600 total roentgens, respectively, for 100 percent lethality.‘ 
Experimental data reported by Boche* are summarized below. 








Number of days Dose per day | Dose per week|Survival time} Total dose 


(roentgens) | (roentgens) (weeks) (roentgens) 
Tc tnkcniptscnenity ednciihccie a maiindtinaeéiadinaman 10 60 24 1, 440 
Bsc caccusdatnmesahauadocstsidddueneneeuedindl 6 36 8&3 2, 988 





Norte.—Unfortunately normal survival times were not given nor were the ages of the animals (dogs). 


Blair*® has taken the two points from Boche’s data, inserted these into his 
(Blair’s) equation relating reparable and irreparable damage. The ratio of in- 
stantaneous dose to 15-day dose is 350/450 or 0.78, and for 4 months’ dose about 
300/525 or 0.67. 

Blair suggests that “the points are too few to determine the constants (of 
the equation) with any accuracy but should at least be in the proper range.” 
However, the constants of his equation have checked well with more extensive 
data on other animals. His equations indicate that the rate of recovery of 
reparable injury is fastest in the mouse (of the types of mammals selected), 
about one-half as fast in the rat, and about one-seventh as fast in the guinea 





1 Sievert, Rolf M. The Tolerance Dose and the Prevention of Injuries caused by Ionizing 
Radiations. British Journal of Radiology, vol. XX, No. 236, August 1947. 
2See addendum. 


® Medical Aspects of Radiological Defense. Cronkite, E. P. Lecture to Federal Civil 
Defense Administration, Regional Conference of Northeastern States of Radiological and 
Chemical Defense, New York City, October 22, 1953. 

*UCLA-295. Response of the Burro to 100 Roentgens Fractional Whole-Body Gamma 
Ray Radiation. Haley, T. J.,etal. June 10,1954. Unclassified. 

®*MDDC-204. Observations on Populations of Animals Exposed to Chronic Roentgen 
Irradiation. Boche, R. D., 1947. Unelassified. 

_®UR-207. A Formulation of the Injury, Life Span, Dose Relations For Ionizing Radia- 
ones Il. pa to the Guinea Pig, Rat, and Dog. Blair, H. A. July 3, 1952. 
Jnclassified. 
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pig and dog, but as Blair pointed out, the reaction of the dog is more represen- 
tative of the larger, longer lived animals. 

Discussion of the attenuation and weathering factor—From the time of fall- 
out until the time of evacuation it is expected that personnel will be kept in- 
doors. (See criteria II.) Major losses due to weathering cannot be relied upon 
during this period, so that the estimated factor is 1/2. From the time evacua- 
tion could have been accomplished until the time of estimated return it is as- 
sumed that personnel will be indoors aboout half of each 24 hours and that 
major losses due to weathering cannot be relied upon. The overall factor is 
thus 3/4. 

The same reasoning applies to the third period of time, i. e., from assumed 
time of return to 15 days after fallout. . 

From 15 days after fallout until 1 year later it is estimated that the attenua- 
tion due to buildings and the effects of weathering will yield an overall factor 
of 1/2. 

Dose-rate readings have been taken with survey meters outside and inside of 
houses around the Nevada test site after fallout occurred. The ratio of read- 
ings varied with the type of construction of the house and with the location 
within the building. Generally, the ratio of readings outside to inside a frame 
house was about 2/1 with a somewhat greater difference for masonry construc- 
tion. A limited number of film badges were placed outside and inside of some 
houses during Tumbler-Snapper and also Upshot-Knothole. Ir the first case, 
the difference in total doses was again 2 to 1 or greater, but during Upshot- 
Knothole only about a 20 percent difference was noted. In fact, in one case 
during Upshot-Knothole the film badge inside read higher than outside. The 
differences between these experimental data will have to be investigated during 
future operations. 

The very nature of the weathering factor makes this a difficult paremeter 
to evaluate. The probability of occurrence of precipitation and/or winds and 
to what degree has to be estimated, as well as their effects on radiation levels. 
Leaching effects were studied on soils about 130 miles from ground zero where 
fallout had occurred during Upshot-Knothole. Dose-rate readings were insig- 
nificantly lower than those predicted by radiological decay according to t-** 
after a period of more than 1 year. One example of the effects of winds was 
observed during Upshot-Knothole. The fallout from the March 17, 1953, deto- 
nation was in a long narrow pattern to the east of ground zero. The second 
day after a fallout a rather strong surface wind blew almost at right angles 
across the area, for about a period of a day. Dose-rate readings were taken 
on the first and fourth days at the same locations and then were compared. 
The fourth day dose rates were less, by factors of 3 to 6, than those to be ex- 
pected from the first day’s readings, based on rate of decay of t**. (Other 
fallout measurements indicated that the rate of decay of this fallout material 
was not significantly different from t**.) Because of the physical conditions 
described above, these reductions in contamination probably are near the upper 
limit to be expected from wind. 

Operational feasibility of criteria 

It is not the intent here to discuss operational procedures, but it should be indl- 
cated that the computing of radiation doses as recommended in criteria I is a 
not too difficult task. If one assumes a t~’? rate of decay as a first approxima- 
tion, then a single graph of dose rates versus times after detonation can be con- 
structed that will represent a 30 roentgen effective biological dose for 1 year. An 
additional family of curves can be made that will provide the answers to the 
parameters of how much time would be available before evacuation and of how 
long a time personnel would have to remain out of the radiation area in order to 
provide for a savings of at least 15 roentgens, 

The highest whole-body gamma dose recorded for any locality where personnel 
were present outside the Nevada test site was at Riverside Cabins, Nevada (about 
15 people). following shot No. 7 of Upshot-Knothole. The maximum theoretical 
infinity gamma dose was estimated to be 12 to 15 roentgens. 


CRITERIA TI. PERSONNEL REMAINING INDOORS 


When the gamma dose-rate reading as measured by a survey meter held 3 feet 
above the ground reaches the values given in graph IT at the times indicated, it is 
recommended that personnel shall be requested to remain indoors with windows 
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and doors closed. Release from this restrictive action should be made on the basis 
of further evaluation of the radiological conditions. 

In the event that there be convincing evidence that the radiation levels given 
in the graph will be reached, it is recommended that personnel be requested to 
remain indoors before fallout occurs or before the radiation levels equal those 
in graph II, Release from this restrictive action should be made on the basis 
of further evaluation of the radiological conditions. 

It is recommended that people who had been out-of-doors during fallout of the 
above magnitude or greater be advised to change clothing and to bathe. The 
clothing may be cleaned by normal means. While bathing, special attention 
should be paid to the hair and any exposed parts of the body. 

In the event that the monitoring takes place after the fallout has occurred, 
and extrapolation of the dose-rate readings equals or exceeds those in graph II 
at the estimated time of fallout, then it is recommended that the same advice be 
given as in the preceding paragraph, 


98299°—57—pt. 1——15 
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Discussion 


The action of requesting personnel to remain indoors is predicated on the 
principle that the radiation levels are below those established for evacuation and 
that this action could reduce the amount of contamination of personnel and re- 
duce somewhat the whole-body gamma dose. (See appendix A for estimates of 
reduction in whole-body gamma dose.) The actual “savings” healthwise have 
to be balanced against possible adverse public reaction. 

The principal gain in requesting personnel to remain indoors is to prevent or 
reduce the amount of atomic debris that may actually fall on the body or clothing. 
Since the peak of fallout usually occurs shortly after the start of fallout, it is 
important that prompt decisions and actions be taken. Thus, by necessity, the 
most practical criteria upon which to base a decision are gamma dose rate read- 
ings, which are in turn related to the amount of fallout. 

Beta dose to skin.—The most immediate solution might be to establish lower 
permitted dose rate levels at later times after detonation. However, if a series 
of dose rates are established for increasing times after detonation so that their 
relationship follows t—*’, then the doses delivered in X hours (before the material 
is washed off) will be greater for earlier times after detonation. If one were sure 
of the time that the fallout material was to remain in place, then a scale of dose 
rates versus time after detonation could be made to yield the same total dose 
over the X hours. Since there is obviously no set time period for duration of 
contact that would be valid for all cases, one might assume the worst case where 
the material remains in place until its activity has decayed to an insignificant 
level. Dose rates could then be approximated, to yield a given infinity dose, 
by: 


D=5At where: D=infinity dose; A—dose rate at time “t”’. 


If the above discussion is accepted, then the remaining question is to set the 
infinity dose. Here, we must be clear that whereas the measurements taken by 
the monitors, and the data upon which action will be decided will be gamma 
dose-rate readings, the point of principal concern is the beta dose delivered to 
the basal layer of the epidermis (assumed as 7 milligrams per square centi- 
meter). The ratio of emission of beta to gamma is a function of time after 
detonation and follows no simple relationship. Further, this ratio at any given 


time after detonation has not been firmly established. One report suggests the 
following data: 


Time after detonation: Beta/gamma 
Th COG apa pthica i ebshn bicianncmeieatnens belated 157/1 
SOO PON istindsigibicbeidancdbydlintctopaieetemesm ata 5s eee 156/1 


These data were obtained from a cloud sample rather than actual fallout material, 
and were a measure of surface dose on a plaque using a “dosimeter type beta-ray 
surface ionization chamber.” 

The method of collection suggests the possibility that the thickness of material 
on the plaques may be less than that to be expected from the amount of fallout 
that would be of concern when estimating probabilities of beta burns. This would 
result in a different angular distribution of the betas influencing the beta dose 
rate in the direction of a higher value for the plaques. 

Another report indicates a beta to gamma ratio of 130 to 1 based on theoretical 
computations. A third report suggests a radically lower ratio; however, there 
may be some doubt as to its conclusions since the ionization chamber, used to 
measure gammas only, had a wali thickness of 1 mm. of bakelite which “* * * 
excluded a small part of the total gamma dose present, as well as a large, but 
unknown, fraction of the beta.” (The range of 0.35 Mev. betas is about 100 
mg./cm.* or approximately 1 mm. of bakelite.) For our discussion here, we 
will assume a surface beta to gamma ratio of 150 to1. 
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In estimating the beta dose to the basal layer of the epidermis, one may refer 
to the work of Henriques.’ He exposed the skin of Chester White pigs to plaques 
containing different radioisotopes. Pertinent data are abstracted as follows: 





Surface dose Estimated 


required to amount of 
produce recog- | radiation that 
Isotope Energy | nizable trans- |penetrated skin 


epidermal to a depth of 
injury (roent- |0.09 mm. (roent- 
gen-equivalent-|gen-equivalent- 
beta) 





beta) 
a ae pmaticagitbnntaniminaguatdetes~eouLinakthnaees 1, ro 1, 500 1, 200 
ROOT GO oo winccckicctincnsaadcetehucbhisudbiedbneuaninakes ‘ 
INNO . . ion uninipigindabieuiateatmmahatheaitelbenegemina bein 2.20 } 1, 500 1, 400 





The average maximum energy of the beta particles from fallout material 
varies with time but will be assumed to be roughly comparable, in respect to 
depth dose, to yttrium 91 or Sr-90—Y-90. Since the gamma dose at a depth 
of 7 mg./em.* would not be significantly different from the surface gamma dose, 
the ratio of 130 to 1 for beta-gamma will be assumed at the basal layer of the 
epidermis. 

(One experiment with sheep, using Sr-90—Y-90 plaques, showed that 2,500 
reps at the plaques’ surface produced ulceration in 1 but not another of 2 sheep.* 
On the other hand, 1,000 rads delivered to tissue depth of 7 mg./cm.’ from a 
pP* 1-inch diameter disk (type of animal not stated) produced tanning, prolonged 
erythema, and desquamation.) 

It is to be remembered that the above discussion was first based on surface 
gamma dose rates whereas the monitors will be making their gamma measure- 
ments at a height of 3 feet. Past field experience has indicated that the gamma 
reading from ionization-type survey meters at ground level is about 50 percent 
higher than at 3 feet. Therefore, if it be assumed that a ground level gamma 
reading of a survey meter is equivalent to a surface dose rate, the ratio of beta 
dose rate at 7 mg./cem,? to gamma dose rate at 3 feet is about 200 to 1. 

Another approach to estimating the ratio of beta dose rate at 7 mg./cm.? to 
gamma dose rate at 8 feet is as follows: Assuming a uniform distribution of 
1.0 megacurie per square mile of gamma activity, the dose rate reading from 
an infinite field is about 4.1 roentgens per hour.’ Calculations given in appendix 
B indicate that a like concentration of fallout material will produce about 430 
reps per hour at 7 mg./em.* This suggests a beta to gamma ratio of about 100 
to 1 which is about a factor of 2 lower than the first approach. Added support 
to this latter method of estimating beta doses is found in appendix C. 

Such considerations may be fraught with pitfalls. For example, the above 
discussion implies a uniform distribution of fallout material. Obviously this is 
not correct, but how far this deviates from the facts and to what extent this 
influences the results is difficult to assess. Calculations indicate that the pro- 
duction of recognizable beta burns from a single particle requires a high specific 
activity. (See criteria III for discussion.) It may well be, however, that the 
particles of fallout are close enough to have overlapping of radiation fields and 
thus require significantly lower specific activity of the particles to produce beta 
burns. This hypothesis has support in that even the most superficial beta burns 
of the natives exposed to fallout following the March 1, 1954, detonation showed 
a general area affected rather than small individual spots. On the other hand, 
the cattle and horses exposed near the Nevada test site showed burns over areas 
only about the size of a quarter. Even though these may not have been pro- 
duced by single particles, they do represent less of an area effect than suggested 
for the natives. Also, radioautographs of the fallout in areas outside the Nevada 
test site suggest the occurrence of individual particles with nonoverlapping of 
radiation fields. However, in nearby areas where the fallout was relatively 
heavy, there was a definite overlapping of the fields. 


* Effect of Beta Rays on the Skin as a Function of the Energy, Intensity, and Duration 
ef Radiation. Henriques, F, W. Laboratory Investigation. Vol. 1, No.2. Summer 1952. 
®*Comparative Study of Experimentally Produced Beta Lesions and Skin Lesions in 


Utah Range Sheep. Lushbaugh, C. E., Spalding, J. F., and Hale, D. B. LASL, November 
80, 1953. (Unclassified. ) 


®* Effects of Atomic Weapons. 1950. 
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With our present knowledge it should be stated that due to the particulate 
nature of fallout it would not be possible to establish reasonable and operation- 
ally workable criteria that at the same time would guarantee that there never 
would be an occurrence of a beta burn. 

If one were to accept the assumed beta to gamma dose rates of about 100-200 
to 1 (measured under the conditions given above), this might mean an infinity 
beta dose of 1,000 to 2,000 reps to the basal layer of the epidermis when the 
whole body infinity gamma dose was 10 roentgens. Of course, the fallout mate- 
rial may be removed before the infinity dose is delivered ; yet, on the other hand, 
it is not improbable that it could remain in the hair for essentially this length 
of time. In the case of a 1-hour fallout, almost one-half of the dose would be 
delivered in the next 24 hours. 

The efficiency of a surface for collecting and holding the fallout material is 
important. It is not surprising that the highest dose rate readings as well as 
biological effects were noted on the hair of the natives and also on parts of the 
exposed body where perspiration was present. Further, it was observed that 
even one layer of light cotton material was sufficient to protect against beta 
skin damage in most cases.° This was due probably not to the relatively small 
attenuation of the betas by the clothing but rather to the physical situation of 
hoiding the radioactive material at some distance from the skin, which effect 
would be relatively large. 

An added consideration is the possibility of high beta doses delivered to per- 
sonnel from the fallout material lying on the ground and other surfaces. If 
the highest degree of contamination considered under this policy is safe when 
in direct contact with the skin, then the beta dose from an equally contaminated 
ground will not be hazardous. (See criteria III for discussion on unequal con- 
tamination on personnel.) However, it is true that the contamination may 
exceed the amount to deliver dose rates given in graph II and yet not be great 
enough to consider evacuation. Some personnel may not go indoors, and those 
who did will eventually be released from this restrictive action and then may 
walk around in a relatively highly contaminated area. Because of the more 
limited range of the beta, the location of greatest concern is the lower legs. 

One report estimates a beta to gamma dose rate ratio of about 75 to 1 at 10 
centimeters above the ground.“ Under criteria I it was recommended that con- 
sideration be given to evacuation when the gamma dose rate reading at 3 feet 
was, for example, about 6.2 roentgens per hour at H+3 hours. Roughly, this 
would correspond to about 575 reps per hour of beta at 10 centimeters. Of 
course, this activity decays, and also it is presumed that personnel would be 
sent indoors, at least for a few hours. On the other hand, it strongly suggests 
that biologically significant doses may be delivered to the feet if not protected. 
Skin lesions were frequent on the bare feet of the natives evacuated during 
Castle. This probably was a combination of beta dose from material on the 
ground and from that scuffed up over the bare feet and then clinging to the 
skin. (No lesions were observed on the bottom of the feet, undoubtedly due to 
the thick epidermis.) It would be expected that normal closed-type footwear 
(as compared to open sandals) would afford adequate protection to the feet 
from such high beta doses as discussed here. There is still no guaranty that 
beta radiation from material on the ground will not deliver significant bio- 
logical doses to the ankles and perhaps lower legs, after personnel are released 
from staying indoors. For example, if the beta dose at 10 centimeters above the 
ground is 575 reps per hour at H+3 hours, it would be about 250 reps per hour 
3 hours later and 160 reps per hour 6 hours later. 

One further possibility is the accumulation of radioactive material around 
the ankles and lower legs resulting from normal walking about the area. This 
is discussed under criteria ITI. 

Data on human exposures—The work of Henriques” suggests that at the 
depth of 0.09 mm. in living porchine skin (maximum thickness of epidermis) 
that “1,400+300 roentgen-equivalent-beta” (delivered over short periods of time 
80 that they may be assumed to be instantaneous) is required to produce recog- 
nizable transepidermal injury. The curve of biological damage rises rather 





%ITR-923. Study of gS ey of Human Beings Accidentally Exposed to Significant 
Fajoat 1 aaa Cronkite, E. P., etal. May 1954. 

5 (H). An Estimate of the Relative Hazard of Beta and Gamma Radiation from 
ace Waiecs. Condit, R. I. Dyson, J. P., and Lumb, W. A. S. NRDL 1949, 
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sharply so that at a dose of just under 2,000 reps (at 0.09 mm.), the epidermis may 
be expected to exfoliate and in the majority of cases go on to develop chronic 
radiation dermatitis persisting for months. 

The preceding discussion suggests that, using the gamma dose rates listed 
in these criteria, which are based on an estimated 10 roentgen infinity gamma 
does, as high as 2,000 reps might be delivered to the basal layer of the epidermis 
over a period of time covered by the lifetime of the radioactive material. 

There have been instances where the calculated infinity gamma dose in areas 
where personnel were present around the Nevada test site have reached 12 to 15 
roentgens, but there have been no known cases of beta burns in these areas. 
The number of persons involved in these areas of highest contamination was 
relatively small, perhaps a few dozen, and with an observed duration of fallout 
of about 1 hour it is possible that they were not in a position to receive the full 
fallout. Likewise, minute areas of the skin may have been so affected yet not 
detected or reported. In other areas encompassing some 2,000 people the infinity 
gamma dose was about 8 roentgens and no instances of beta injury appeared. 

The estimated whole-body gamma dose to natives evacuated from the island 
of Utirik following the March 1, 1954, detonation at the Pacific Proving Ground 
was about 15 roentgens for a period of about 3 days, but no beta burns appeared. 
It is fair to assume here that direct contamination took place due to their mode 
of living, including housing that was quite open to air currents. Gamma dose 
rate readings were taken over the bodies of the natives at about H+78 hours 
both on the beach and after boarding the ship. On the beach the personnel 
readings averaged about 20 mr. per hour gamma (but this probably included some 
contribution from the ground contamination), and after wading through the surf 
and boarding the ship the levels averaged 7 mr. per hour gamma. 

The 18 natives on Sifo Island, Ailinginae Atoll, received an estimated whole- 
body gamma dose of 75 roentgens in about 244 days. Of these, 14 later ex- 
perienced slight beta burns, 2, moderate burns, and none showed epilation. 

In the case of the Rongelap natives, the estimated whole-body dose was about 
170 roentgens in about 2 days. All 64 natives later experienced beta burns to 
some degree from slight to severe, and over half of the natives showed epilation 
from slight to severe. 

The 16 natives from Rongelap evacuated directly by air to Kwajalein had 
personnel gamma dose-rate levels generally 80 to 100 mr. per hour although 
1 was as high as 240 mr. per hour and 1 as low as 10 mr. per hour (at H+ about 
55 hours). The remaining 48 natives evacuated by ship were reported to have 
personnel readings that “averaged” 60 mr. per hour before decontamination. 
The picture is further confused because some of the natives had bathed and 
some had not before the arrival of the evacuation team. 

Most of the 28 United States service personnel stationed on Eniwetok Island, 
Rongerik Atoll, received about 40 to 50 roentgens, based on film badge readings. 
Three members of the group who were located for part of the time in another 
section of the island were estimated to have received somewhat higher doses. 
Seventeen of the twenty-eight personnel showed only slight, superficial lesions 
with one questionable case of epilation. It should be pointed out that the per- 
sonnel were in metal buildings during some of the fallout time and for most of 
the time thereafter until evacuation. This reduced the direct contamination as 
well as the whole-body gamma dose. A film badge hanging on the center pole 
of a tent at one end of the island read 98 roentgens. Calculations based on dose- 
rate readings at another part of the island indicated somewhat lower doses, if 
personnel had remained in the open for the period of time from fallout (about 
H+7.5 hours) to evacuation (at about H+34 hours). Upon arrival at Kwaja- 
lein 1 personnel gamma dose rate reading was as high as 250 mr. per hour at 
about H+85 hours. 

The above data do suggest that there may be possible a rough bracketing of 
gamma-beta doses versus beta burns. On the one hand, the natives from Utirik 
received an estimated whole-body gamma dose of 15 roentgens and showed no 
evidence of beta burns. On the other hand, the natives on Sifo Island, Ailinginae 
Atoll, received about an estimated whole-body gamma dose of 75 roentgens, with 
14 personnel showing slight burns, 2, moderate burns, 2, no burns, 8 with mod- 
erate epilation, and 15 with no epilation. In addiiton, Rongelap natives received 
170 roentgens whole-body gamma dose, and about 90 percent showed some degree 
of lesions and 56 percent some degree of epilation. 
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It is to be recalled that: (a) The natives probably were out of doors and re- 
ceived the full fallout; (0) the oily hair, seminaked, perspiring bodies, including 
bare feet, and lack of bathing for most, would tend to collect and hold the fallout 
material; (c) the time of delivery of essentially all of the doses was 2 to 3 days. 
Further, it may be speculated that the fallout on the more distant island of 
Utirik (about 300 statute miles) would consist of smaller particles and also per- 
haps lesser possibility of overlapping of radiation fields from these particles. 

Some of the relevant data are summarized in table II. Due to the uncertainty 
of the degree of exposure of personnel on Rongerik to the direct fallout, this 
group is not included. It is to be immediately emphasized that any comparisons 
made or implied in the table are at the most only semiquantitative. Table II will 
be referred to in criteria III and IV but is included here as a summary of the 
data discussed above. 
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Data on animal exposures.—The data on animal exposures are less firm than 
those for humans. Unmistakable beta burns occurred on cattle at Alamogordo 
in July 1945, on cattle at the Nevada Proving Grounds in spring 1952, and on 
horses in spring 1953. (The skin damage observed on sheep in the spring 1953 
was not established to be beta burns.) However, the exact positions of the 
animals in relation to known amounts of fallout are not clear. 

Following the last detonation of the spring 1952 series at the Nevada Proving 
Grounds, about one-half of a herd of 150 head of cattle were found to have evi- 
dence of beta burns. They were thought to have been 15 to 20 miles from ground 
zero in Kawich Valley to the northeast and to have been exposed to fallout from 
the last detonation. Highest dose rate readings taken along a dirt road running 
lengthwise through this valley integrated to 75 to 100 infinity gamma doses. 

During Upshot-Knothole, 16 horses showed skin lesions over the back, and 
eye damage was noted in a few. The best evidence indicated that the horses 
were some 10 to 12 miles to the east of ground zero on March 17, 1954, where the 
fallout occurred from the first detonation (about 15 KT on a 300-foot tower). 
Radiation levels in this area are not known with certainty, but the fallout 
occurred in a narrow band and was carried by relatively high velocity winds 
so that it probably fell on the horses at a time less than 1 hour. If so, probably 
more than one-half of the infinity dose was delivered during the next day. 
Addendum 


Since the original discussion above was written, further consideration has 
been given to the work of Strandgvist and others * on the effect of fractionation 
of doses delivered to the skin and the onset of the observed results. It will be 
recalled (p. 10) that X-ray doses to the skin were fractionated in equal daily 
amounts, and the biological effects compared to a one-treatment dose. A log-log 
plot of total doses versus days after initial treatment yields straight lines. 

Basically, this means that as doses are being delivered to the skin a certain 
rate of repair is taking place. The overall effect might be that higher initial 
doses from fallout material might be allowed than if one were to integrate the 
dose over a period of time without consideration for the repair. Because of 
the difference in shapes of the total beta dose curves for varying times of initial 
fallout versus Strandgvist X-ray curves the difference between the two curves 
cannot be expressed as a simple relationship. 

Strandgvist quotes a 1,000 roentgen dose in 1 treatment to produce erythema 
using X-rays (a somewhat smaller number than other data quoted above), 1,250 
roentgens if divided into 2 equal daily doses, 1,450 roentgens if divided into 3 
equal daily doses, etc. Of course, there are differences between these X-ray 
doses and beta doses from fallout material, such as differences in doses at increas- 
ing depth of tissue and the fact that the X-rays were delivered essentially as an 
instantaneous dose at intervals of a day while the beta dose rates are assumed to 
follow the t-**. However, accepting the assumptions of biological equivalence 
of these roentgen and beta doses and t~—*’, one may then ask the question, “What 
will the beta dose rates at varying times after detonation that the contamination 
occurs such that the integrated doses to the skin will at no time equal Strandgvist 
curve for erythema ?” 

For early fallout times the limiting factor will be to keep the first day’s beta 
dose below 1,250 reps; for later times of initial fallout the first day dose may be 
less than 1,250 reps but subsequent accumulative doses may be greater than 
Strandgvist curve. A family of curves was prepared of beta dose rates versus 
time after contamination such that each would meet but not exceed Strandgvist 
curve for erythema for times out to 40 days, then, based on the discussion con- 
tained under Criteria I, a conversion factor of 125 was selected to convert beta 
dose rates at a depth of 7 mg./cm.’ of tissue to gamma dose rates at 3 feet above 
an infinite plane. These gamma dose rates are plotted in appendix C (a). 

If one accepts all the assumptions that go into preparing this curve, then one 
does not have to estimate the variable of how long the fallout material was in 
contact with the skin, for the curve suggests that as long as the initial indicated 
gamma dose rates are not reached, then erythema might not be expected to 
appear. (However, this approach still does not give assurance that single hot 
particles will not produce erythema.) 

Generally, the gamma dose rate readings in the curve (appendix C (a)) sug- 
gest theoretical maximum infinite gamma doses of about 20 roentgens for a 1- 
hour fallout, to about 55 roentgens for a 2-day fallout. For those early times 
after detonation when relatively heavier fallout might be anticipated, this in- 


18 Sfevert, Rolf M. The Tolerance Dose and the Prevention of Injuries Caused by 
Ionizing Radiations, British Journal of Radiology. Vol. XX, No. 236, August 1947, 
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finity gamma dose is 2 to 3 times greater than the 10 roentgens which vas used 
as a basis of developing criteria II. However, there are two further considera- 
tions: One, the interpretation of the data, and certainly the assumptions made 
in developing the curve in appendix C (a) are open to discussion. Two, if one 
accepts the interpretations and assumptions it means a safety factor of 2 to 3— 
not an unreasonable quantity. 

Operational feasibility—Under the criteria recommended in criteria II, there 
would have been two occasions in the past where personnel would have been re- 
quested to remain indoors. Once was at Lincoln mine following the second 
detonation of Upshot-Knothole where they were so requested to remain indoors 
for 2 hours and the other occasion would have been at Riverside Cabins (popula- 
tion about 15) following the ninth detonation of the same series. The dose rate 
reading at Lincoln mine was 580 mr. per hour at H+2. In the case of Riverside 
Cabins, however, the radiological conditions were not ascertained until after the 
fallout had occurred. The maximum infinity gamma dose in the latter case was 
12 to 15 roentgens. 

Personnel were requested to remain indoors (for about 2 hours) following the 
ninth detonation of Upshot-Knothole. The highest dose rate reading was 320 
mr. per hour at H+4.5 hours. This is less than the current recommendations. 


CRITERIA III, DECONTAMINATION OF PERSONNEL 


Where it is not possible to monitor personnel outside of a general radiation 
field, it is recommended that an estimate be made of the degree of personnel 
contamination by determining the location of the individual at the time of 
fallout. In the event there is uncertainty as to the validity of such an estimate, 
the assumption will be made that the individual was out-of-doors. In those 
areas where the infinity gamma dose equals or exceeds 10 roentgens, it is recom- 
mended that the individual be advised to bathe and to change clothing. 

For personnel being monitored outside the general radiation field where 
personnel contamination exists over relatively large areas of the exposed body 
(one-half square foot or more) : 

When the reading of a survey instrument held with the center of the probe 
or center of the ionization chamber 4 inches from the center of the con- 
taminated area equals or exceeds the values given in graph III, it is recom- 
mended that personnel shall be advised to bathe and to change clothing. 

For personnel being monitored outside the general radiation field, where 
personnel contamination exists over relatively small areas of the exposed body 
(less than one-half a square foot) : 

The recommended maximum values shall be one-half those given in graph 
III. Monitoring of the head, arms, hands, lower legs, and feet will be 
considered as coming under this category. Washing may be limited only to 
the contaminated parts, and also a change of clothing may not be indicated 
unless the radiation levels exceeds those stated below concerning monitoring 
of exterior surfaces of clothing. 

For personnel being monitored outside the general radiation field, and the 
contamination exists over only spots of exposed body (about the size of a half 
dollar or less) : 

The recommended maximum values shall be one-fifth those given in graph 
III. Washing may be limited only to the contaminated parts, and also a 
change of clothing may not be indicated unless the radiation levels exceed 
those stated below concerning monitoring of exterior surfaces of clothing. 

For personnel being monitored outside the general radiation field and the 
contamination exists over any size area on the exterior surface only of the 
clothing : 

The recommended values under these conditions will be twice those given 
in graph III. The first recommended action shall be to resort to such simple 
acts as brushing off the clothing. If this action does not reduce the radiation 
levels to twice those given in graph III or less, then personnel shall be 
advised to change clothing and to bathe. 

When the general contamination of a community of the degree to produce 
an estimated maximum theoretical infinity gamma dose of 20 roentgens or 
greater, personnel who have been out-of-doors at any time during the first 2 
days and generally moving around in the area (as opposed to such an act as 
walking only between a building and a vehicle) shall be advised to brush off the 
footwear (outdoors), to bathe, and to change clothing as soon as possible after 
the final return indoors each day. In addition, personnel who go out-of-doors for 
any length of time during the first 2 days after such a fallout shall be advised 
to wash their hands at least after the final return indoors each day, and more 
frequently if possible. 








RADIOACTIVE FALLOUT AND ITS EFFECTS ON MAN 227 


nt a 
ST 
IH OUUEY VON LAN 


OU REEEA SURE LEAN NUL 
ST 
OUT PENEH LEH nH 


BONTU ANIA LATH) fo tu! 
fine a 


228 RADIOACTIVE FALLOUT AND ITS EFFECTS ON MAN 


Discussion 


Data on humans.—In table II it was suggested that the relative average gam- 
Ma dose rates from an infinity contaminated field at 3 feet above the ground 
compared to that on the natives measured by a survey meter held close to the 
body was: 


110 mr./hr. 
| a eT (Utirik Atoll) 


410 mr./hr. 
53 mr./hr. 


1,300 mr./hr. 
80 mr./hr. 


It is recognized that there are many uncertainties in estimating such a rela- 
tionship by this means. Even if one assumes the dose rate readings were 
taken accurately, the factors involved, especially in relation to the amount of 
material collected and retained on the body, certainly are not constant. The 
higher ratio at Rongelap Atoll might have been due to a physical phenomenon 
where the quantity of material falling per unit area was so great that it was 
not retained so completely on the body, Even if this explanation is accepted, there 
still remain many questions. 

Theoretical considerations indicate a gamma dose rate ratio at 3 feet above an 
infinitely contaminated field to that at 4 inches from an equally contaminated field 
of 6-inch radius to be about 7/1. (See appendix D.) 

The sizes of areas and distances from the surfaces were selected independently 
of any of the information on the fallout on the natives discussed above and 
were estimates of areas of contamination and distances of monitoring that 
appeared to be reasonable estimates of these parameters. The close agreement 
| between the gamma dose rate ratios based on theoretical considerations and those 


=8/1 (Ailinginae Atoll) 


=16/1 (Rongelap Atoll) 


observed with the natives is circumstantial. For example, an equally contami- 
nated area of 3-inch radius would yield a theoretical gamma dose rate nearly 
8 times less than the selected area of 6-inch radius, In the case of the natives, 
however, it is believed that they were seminaked, perspiring, and out-of-doors 
during the fallout, so that it is not unreasonable to expect relatively large areas 
of the body to be contaminated. In fact, this was noted when they were moni- 
tored. By their acts of walking around during the period of fallout and sleeping 
on mats that were heavily contaminated it would seem possible that significant 
areas of the bodies of the Ailinginae and Utirik natives could be as heavily con- 
taminated as was the ground. (It is unknown if there were sufficient winds 
that might have raised the material from the ground to the body after fallout 
occurred. ) 

There is further uncertainty of what is meant by the monitor’s report of 
“average” personnel readings. The dose rate readings in the hair are known to 
have been significantly higher than the rest of the body in most cases. It is 
unknown how these readings were “averaged.” 

Whereas these data certainly are not firm enough for one to place great 
confidence in the precise quantities of the ratios of 7/1 or 8/1, they do indicate 
the obvious fallacy of accepting a 10-roentgen infinity dose based on gamma 
dose rates measured on personnel outside the radiatien field. For example, the 
natives from Ailinginae showed personnel dose rates readings that would approxi- 
mate 9 roentgens (gamma) in 244 days, and yet skin damage to some degree was 
evident in 14 out of 16 of the personnel. On the other hand, the natives from 
Utirik showed no skin damage, with an estimated 2.2 roentgens in 21%4 days 
based on gamma dose rates measured on personnel. The uncertainty of these 
data was discussed under criteria II. They do suggest, however, that if the 
contamination of a relatively large area of the exposed body produces less than 
1 roentgen infinite gamma dose as measured by a survey meter held 4 inches 
from the surface there is a large probability that beta burns will not result. 
(See also discussion under criteria II.) 

Doses from small sources.—When the same dose rate reading is produced at a 
given height above a surface from a smaller area, the amount of contamination 
per unit area is greater (other factors being equal). Therefore, it would seem 
desirable to reduce the recommended dose rate levels when relatively small areas 
are involved. It is recognized that radiation from another nearby spot may 
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contribute to the survey meter reading when monitoring a small area on person- 
nel, but this has not been taken into account, first, because of the difficulty of 
establishing a prior appraisal of this variable factor and, second, whatever this 
contribution may be it will now become an added safety factor. 

Of course, the problem is still complex, because when considering smaller and 
smaller areas the eventual end point is a single particle. An estimate of beta 
doses at the surface of an imaginary sphere surrounding a fallout particle is 
given in appendix E and an estimate of beta doses from a single particle required 
to produce recognizable erythema is presented in appendix F. Calculations indi- 
eate that the specific activity of some individual particles found in fallout would 
be great enough to produce recognizable erythema if held in contact with the 
skin for less than 1 day, yet the gamma dose rate reading at 4 inches may be 
relatively small. (See appendix G.) 

Additional information on doses from individual particles has recently been 
reported.“ The particles found in and around Hanford consisted principally of 
three radioisotopes, Ru-103, Ru-106, and its daughter Rh-106. The data and 
calculations in appendix H also strongly indicate that a single fallout particle 
could produce a recognizable erythema. 

Contamination of clothing.—In the case of contamination of clothing, higher 
dose rates might be tolerated than those for exposed parts of the body. This 
was exemplified in the natives where no beta burns were observed under clothing 
of the most highly contaminated personnel. (This does not include such areas as 
under the waist line where material apparently collected and was held in place.) 
On the other hand, very large increases in contamination should not be tolerated 
since it is possible for the clothing to be rearranged so as to bring the contam- 
inated surface in contact with the skin. Further, it is not unlikely that one 
may rub his hands over his clothing and then through the hair where the mate- 
rial could be held in place for relatively long periods of time. 

Beta exposure to the hands.—A further consideration is the beta dose to the 
hands resulting from handling objects contaminated with fallout material. Al- 
though some data are available on beta burns from handling radioactive objects, 
the conditions are so different from those associated with fallout that compari- 
sons probably would not be valid.” 

If the above assumptions and calculations are correct concerning contamina- 
tion of a general area from fallout, then the transfer of all the radioactive mate- 
rial to the hands from an object of equal area would not constitute a hazard. 
Thus, one might consider using as criteria for monitoring objects, the dose read- 
ings given above for monitoring personnel outside the general radiation field. 
However, the problem is more complex, since the hands may come into contact 
with contaminated surfaces many times larger in area than the hands, with an 
undetermined percentage of activity being transferred to the hands. Of course, 
an added uncertainty is the frequency of washing of the hands and/or the rub- 
bing off of the material from the hands. 

Further, one might speculate that a given surface could have significantly 
higher contamination than the general area and that the handling of such a sur- 
face could constitute a greater risk. This might be true because of the greater 
amount of activity transferred to the hands or because of the doses delivered 
during the time of actually handling the object. The uncertainty of the percent- 
age of transfer of material has been mentioned. One uncertainty in the second 
case is the length of time the object would be handled. 

Based on calculations in appendixes B and D, when an object is held in a hand, 
a rough estimate of the ratio of dose rates of beta to the basal layer of the epider- 
mis to that of the gamma reading on a survey meter held 4 inches away from an 
object 2 inches in radious (outside a general radiation field) might be 5,000 to 
1 (appendix I). Thus, if this object were contaminated with the same activity 
per unit area that would produce an infinity 10-roentgen whole-body gamma dose 
from general contamination of the area, it would produce about 50 mr. per hour 
gamma at 4 inches away at H+1 hours, and about 250 reps per hour at a depth 
of 7 mg./cm.*. Since the palms of the hands have an approximate epidermal 
layer of about 40 mg./cm.’ the beta dose to the basal layer would be about 170 























“4 AW-33068. Astatus report. September 15, 1954. 
% Beta Ray Burns of Human Skin. Knowlten et al., The Journal of the American 
Medical Association, vol. 141, No. 4. September 24, 1949, 
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reps per hour. (The time of H-++1 was selected to show about the highest mag- 
nitude of dose rates.) If one assumes that the decay is according to t—’, then 
the total beta dose to the basal layer of the epidermis of the hand in the next 
10 hours would be about 320 reps. 
Whereas the above estimates do not indicate an alarming situation, a more 
| serious problem may come when the contamination is just less than that where 
evacuation is indicated. For example, the contamination of the general area 
may be 5 or 6 times that used as an illustration in the preceding paragraph, 
without evacuation being recommended. Thus, beta dose rates from handling 
objects, especially in times soon after fallout, may be high enough to be a problem. 
A simple and expedient procedure to reduce this factor is frequent washing of 
the hands after handling objects that were in the fallout. 
. Beta exposure to the feet and lower legs.—It was suggested in criteria II that 
normal closed-type footwear (as compared to such as open sandals) would prob- 
ably afford adequate protection against significant beta doses to the feet from 
fallout material on the ground. There is still the added problem if the material 
be scuffed up and cling to the ankles and lower legs. If there were no interven- 
ing clothing, or perhaps even with thin stockings or socks, this might result in 
significant biological beta doses being delivered to these parts. For example, if 
the gamma dose rate reading at H++3 hours were something less than 5 roentgens 
per hour, evacuation would not be indicated. However, for fallout material of 
the same concentration in contact with the skin the beta dose rate at 7 mg./cm.? 
would be about 600 reps per hour. (See appendix B.) Presumably, personnel 
would be kept indoors for a few hours, but upon release the approximate beta dose 
rates at 7 mg./em.? would be 260 reps per hour 3 hours later, or 210 reps per 
hour 6 hours later. In addition, there is the variable factor of what concentration 
of fallout material may accumulate in the ankle region by walking around an area. 
A concentration of fallout material on the ground that would result in about 
20 roentgens maximum theoretical infinity gamma dose if in contact with the 
skin, would result in a beta dose rate to the basal layer of the skin of about 1/4 
those indicated in the previous paragraph. 


| CRITERIA IV. MONITORING AND DECONTAMINATION OF MOTOR VEHICLES 


It is recommended that when the predicted fallout across a main highway 
will be equivalent to a 10-roentgen infinity gamma dose or higher, vehicles be 
held until after the actual fallout has essentially ceased. They should be then 
warned to proceed with windows and air vents closed, and the cars should be 
monitored after passing through the contaminated area. When 5 to 10 roent- 
gens are predicted across a main highway, vehicles should be warned to proceed 
with windows and air vents closed and should be monitored after passing through 
the contaminated area. Monitoring and warnings should be continued until 
there is reasonable belief that no or very few additional vehicles will exceed the 
values given in graph IV. 

When the dose rate reading taken inside a vehicle, or taken over any exterior 
area that is readily accessible, equals or exceeds the values given in graph IV, 
the vehicle shall be cleaned inside and outside. Exterior areas to be monitored 
should include the wheels and under parts of the fenders but not the under car- 
riage. The survey meter should be held approximately 4 inches from any surface. 
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In the past, fallout has occurred across highways in significant quantities. 
Table IV-b below indicates some pertinent data during Upshot-Knothole. 

















TABLE 1V-8 
Estimated Approx- 
Approx- dose rate imate 
Shot No. imate Tower Time of | reading of distance 
(chroee- ex (feet) —_ are Location —_ 
(hours a e 0 ground zero 
fallout (miles) 
(mr./hr.) 
Listeukwetbcdiccssaeoel 300 1% 920 | 30 miles south of Alamo on 60 
Highway No. 93. 
Diciipaewasbots aiid aisies 300 2% 260 | 1 oa north of St. George, 130 
Qusiacthn Sadnseieil 300 5 825 | Junction of U. 8. Highway 80 
No. 91 and Nevada High- 
way No. 40. 
Davin Gunite acatinlentudits 300 436 760 | 20 miles northwest Glendale, 
Nev., on Highway No. 93. 
Rewnsiiel osbk binwaibeeiawh 300 7 400 | 8 miles west of Mesquite, 105 
Nev., Highway No. 91. 
Qacccedsaulcasebabodoeel 300 2 1,000 | 36 miles — — on 60 
way No. 
Piatea nceninsi esthescenintaleititel 300 8 420 i Gee Utah, Highway 130 


No. 91. 
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Road blocks were established on Highways 93 and 91 following shots Nos, 7 
and 9 of Upshot-Knothole. The highest reading on a private automobile was 
100 mr./hr. (gamma) inside and 110 mr./hr. outside at H+3% hours. About 75 
cars were washed (roughly one-eighth of the total monitored). All of the cars 
that were washed, except the one mentioned above, had outside dose rate read- 
ings less than half of the highest. The ratio of dose rate readings on the out- 
side of the car to inside varied from unity to about 4/1. Probably one of the 
important factors here is the difference between driving with windows and/or 
ventilators opened or closed. 

One bus read 250 mr. per hour outside and average of 100 mr. per hour inside 
with a high inside reading over the rear seat of 140 mr, per hour at H+8*% hours, 

Considering the amount of time one normally spends in an automobile, these 
dose rates do not necessarily represent a health hazard in terms of gamma doses, 
What is probably a more limiting factor is the direct contamination one might 
acquire by rubbing against the outside of the car, especially when changing a 
tire. 

It is assumed that monitoring will be accomplished outside a general radiation 
field. Theoretical calculations (appendix D) indicate that gamma dose rate read- 
ings taken at 4 inches from a surface will be 51 percent, 42 percent, and 27 per- 
cent of those by a meter at 3 feet above an equally contaminated infinite field 
when the radii of contamination are resjectively 3 feet, 2 feet, and 1 foot. 

These data suggest that when the gamma dose rate reading at 4 inches from 
a generally contaminated car is about one-half that for an infinite plane taken at 
3 feet, the degree of contamination per unit area will be about equal; and when 
the wheels are being monitored % to 4 of a gamma dose rate reading will 
represent equivalent contamination (depending on the gamma contribution from 
the body of the contaminated vehicle). 

Another factor to be considered is that the probability of collecting fallout ma- 
terial on the body from a generally contaminated area in which one lives is 
greater than from one’s automobile. On the other hand, it has been noted in the 
past that significantly higher amounts of contamination have been found on the 
tires and under parts of fenders than on the remainder of the car. (Undoubt- 
edly, this is a simple phenomenon of picking up the activity from the highway.) 
It one were to change a heavily contaminated tire, significant amounts of radio- 
active material might accumulate on the hands, and later be transferred to the 
hair or eyes by a simple rubbing of the hands over those parts. 

A comparison might be made here between recommended maximum dose rates 
found on personnel and the establishing of levels of activity for automobiles. 
There is one obvious difference, howewver; in the first case the material is 
already on the person while in the second case one has to introduce the factor 
of probability of transfer of contamination (and to what degree) from the car 
to the body. 

The dose rates (measured as stated) in graph IV would represent about equal 
contamination per unit area for a car as for an infinite plane if the car were 
rather uniformly contaminated. If the activity were confined, say, principally 
to the tires and under parts of the fenders, the dose rate readings might repre- 
sent nearly twice the degree of contamination. One must weigh this condition 
with the probability that a tire will be changed before he activity has decreased 
significantly. 

A given dose rate reading inside a vehicle may represent less contamination 
per unit area due to the contribution of gamma radiation from the exterior 
of the vehicle. On the other hand, contamination within a vehicle would more 
probably be picked up by personnel than if it were on the outside. Further, it is 
recognized that significantly high concentrations of radioactive fallout may ac- 
cumulate in such parts as the air filters of an automobile. Again, this has to 
be weighted against the probability that they will be handled before the activity 
has decreased to low levels plus the fact that it is relatively difficult to monitor 
such parts on a mass basis. The uncertainties present in estimating possible 
hazards from vehicle contamination would not justify fine distinctions in moni- 
toring the various parts. A thorough cleaning, inside and outside, would appear 
to be the best solution. 

One of the obvious ways to avoid much of the problem discussed in criterion 
IV is to prevent vehicles entering an area during the time of fallout. This will 
not prevent the first vehicles passing through from picking up activity on the 
tires from the highway. It is believed, however, this will not constitute such a 
troublesome problem and past experience has indicated that the activity found 
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on the tires noticeably decreased after several cars had passed over the highway. 
Further, if vehicles are not present in the fallout it will help reduce contamina- 
tion of the passengers and of the insides of the vehicles. 

Operational feasibility —In the past, the criteria used for washing cars has 
been 7 mr./per hour, and at a later time 20 mr./per hour (gamma), inside a 
vehicle. This resulted in washing about 75 cars (roughly one-eighth of the total 
monitored) following the seventh and ninth detonations of Upshot-Knothole. 
Under the recommendations given in criteria IV, the bus mentioned above, but 
probably none of the cars, would have been washed. 

The data given in graph IV-b indicate that if these radiation levels given had 
been predicted before the fallout, Highways Nos. 91 and 93 would have been 
closed prior to the fallout from the seventh detonation and possibly Highway 
No. 93 for the ninth detonation. 


CRITERIA V, CONTAMINATION OF WATER, AIR, AND FOODSTUFFS 


In any area where the theoretical gamma infinity dose exceeds 10 roentgens, 
adequate sampling of the water, air, and foodstuffs should be made to ascertain 
the conditions of possible contamination. Based on past data, however, it is not 
expected that under those conditions of fallout, where the radiation levels are 
below those stipulated for possible evacuation, that the degree of contamination 
will be a health hazard. (Nor is it implied here that any level above this does 
constitute a serious contamination of water, air, or foodstuffs.) Therefore, it is 
recommended that no action be taken in regard to limiting intake except to 
advise the washing off of such exposed foods as leafy vegetables when that action 
seems desirable, 


Discussion 


Water.—Table VI-A lists the six locations having the highest concentrations of 
fission products in water sources during Upshot-Knothole, and for comparative 
purposes the estimated external theoretical maximum gamma infinity doses. 


TABLE VI-A 

Concentration External 

(microcuries theoretical 

per milliliter maximum 

Locality extrapolated wholebody 
to 3 days after gamma 

detonation) infinity dose 
(roentgens) 








Virgin River irrigation canal, Nevada. .......-........---eeeceeee-- eee ee 8.7 x 10-8 6.0 
Irrigation ditch, 56 miles north of Pioche, Nev-.....................---..- 4.5x 10-5 .15 
Lower Pahranagat Lake, Nev.-................ “i 3.2 x 10-# 2.0 
Virgin River at Mesquite, Nev._.. os 2.6 x 10-¢ 2.5 
Bunkerville, Nev. (tap water)-_.... mn 1.2 x 10-* 7.0 
Ceystal Springs, Nev. CAD WM enacdcunisiccnsmishteinanitsmeeal 11x10 15 





Due to weather and to attenuation of the gamma rays by buildings, the whole- 
body gamma dose estimated to have been actually delivered was probably closer 
to one-half of the values shown. 

The maximum permissible concentration of fission products in drinking water 
is 5X10~“uc/ml. extrapolated to 3 days after detonation. This is considered a 
safe concentration for continuous consumption. 

Whereas, the monitoring of water sources is of value for documentary purposes 
it should be recognized that the concentrations found may vary widely within 
small geographical areas and even at the same location at different times (taking 
into account radioactive decay). Thus, confidence cannot be placed in precise 
values. Table VI-A suggests that even if one were to have stored up the water 
listed at Virgin River Irrigation Canal and subsisted entirely on this for a life- 
time, the concentration would be about 58 times less than the maximum permis- 
sible amount. Normal factors of dilution by additional rainfall and/or by the 
influx of lesser contaminated ground water would be expected to reduce the level 
of activity. 

Air.—Considerable effort has and is being made to evaluate hazards from air- 
borne radioactive materials, including fission products. There are certainly many 
unanswered problems including the possible hazard from a single particle in 

98299°—57—pt. 116 
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the lungs. Despite the uncertainties and as yet incomplete analysis of the in- 
halation hazard, the preponderance of evidence today is that the external gamma 
hazard from fallout is the more limiting factory of the two.16 (However, see 
discussion on food contamination.) 

During Upshot-Knothole quite complete data were collected of concentrations 
of airborne activity on about 150 occasions in some 40 different localities within 
200 miles of the Nevada Proving Grounds. These included monitoring of all 
detonations. Histograms were made of air concentrations versus time after 
detonation for 30 occasions and estimates were made of doses to the lungs. These 
data for the five communities showing the highest air concentration are given in 
Table VI-B. The histogram for St. George (the highest 24-hour average concen- 
tration of fallout ever measured in a populated area) is reproduced in appendix J. 


TABLE VI-B 





Dose to lungs 
24-hour average | (13 weeks) based Theoretical 





concentration on 20 percent maximum 
Locality (microcuries deposition whole-body 
per cubic and 100 per- gamma 13-week 
meter) cent retention | dose (roentgens) 
thereafter 
(mreps)! 
ne NE, COE cael once oucneaediganadas satel 1. 29 130 3.5 
Reasete BENG: COG oc nitthiaicnnidcnddincadodocnl 4.0 X10-! 12 1.5 
I RT nic innnrunecnnansemiuddbanediasin 1.7 X10-1 13 1.0 
Spee SIE, BOO 6 ssn ccccunmmnsssnaabanes 3.4 X10 -2 7 0. 35 
DRO, BOO snc rcbecccadicnnccucmausscbadackuesees 2.0 X10-3 3 0.015 





1 The method used in estimating doses to the lungs is given in appendix K. 


The criteria previously established by an Ad Hoc Jangle Feasibility Commit- 
tee (Washington, D. C., July 13, 1951), for air concentrations were— 

“At a point of human habitation, the activity of radioactive particles in the 
atmosphere, averaged over a period of 24 hours, shall be limited to 100 micro- 
curies per cubic meter of air (corresponding approximately to a ground level 
gamma intensity of 30 mr. per hour). 

“The 24-hour average radioactivity per cubic meter of air, due to suspended 
particles having diameters in the range 0 micron to 5.0 microns, shall not exceed 
one-hundredth of the above; nor is it desirable that any individual particle in 
this size range have an activity greater than 10~ microcuries calculated 4 hours 
after the blast.” 

In the January 20, 1954, meeting of the ad hoc committee the basis for recom- 
mending the above air concentrations was discussed. Essentially, these criteria 
was selected by estimating the gamma dose that might be delivered by the pass- 
ing of a radioactive cloud. Since there are better methods of estimating gamma 
doses and since there are uncertainties in evaluating the hazards of such transi- 
tory air concentrations as experienced from fallout, and since the preponderauce 
of evidence from past nuclear test series indicates that the external gamma 
hazard is more limiting than the inhalation one, it was recommended in the 
January 20, 1954, meeting to strike from the record the past recommendations 
for maximum permissible air concentrations. It was recommended that an air 
monitoring program be continued for documentary purposes and for whatever 
value the data might have in the future when new analyses might be made in the 
light of additional knowledge. 

A further discussion of the single particle problem may be made. In arriving 
at the recommendation” * * * nor is it desirable that any individual particle in 
this size range have activity greater than 10~ microcuries calculated 4 hours after 
the blast” a computation was made that the average radiation dose from such 
a particle to a sphere one-half a millimeter in radius would be 385 reps.” How- 
ever, the conclusions may be misleading. In the case of a single particle, rela- 
tively large doses are delivered near the particle and small doses at a greater 
distance. Appendix L suggests one possible estimate of this phenomenon, The 


16 Ad hoc committee meeting. Washington, D.C. Jan. 20, 1954. 
17 Minutes, Meeting of Committee to Consider the Feasibility and Conditions For A 
Preliminary Radiologic Safety Shot for Jangle. LASL. May 21-22, 1951. 
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parameters involved here are many and difficult to evaluate. For example, how 
Jong will a particle remain in one place in the lung and what dose will be delivered 
during that time? ; 

It has been suggested that in the upper respiratory passage 20-micron diameter 
particles are the upper limit of size for deposition and that “Cilia sweep 4 to 6 
cycles per second. The probability of a particle remaining within 1 millimeter 
zone for as much as one-half hour appears to be vanishing small. * * * Protec- 
tion will also be provided by the mucus lining which is itself renewed several 
times an hour.” Accepting the estimates above and the methods illustrated in 
appendixes E and F, it may be computed that about 8 reps would be delivered 
to the surface of an imaginary stationary sphere 1 millimeter in radius by a 20- 
micron particle (0.5 microcurie) in 30 minutes (appendix L). Larger doses 
will be delivered closer to the particle but with the relatively rapid movement 
of the particle, it does not appear that large doses will be delivered to a great 
number of cells. Multiple exposures might occur from additional particles but 
again this risk is difficult to evaluate. 

Food.—Considerable effort is being directed toward the study of contamina- 
tion of food from fallout. One element of major concern is Sr-90. It has been 
estimated that if one were to subsist entirely on food grown from soils contain- 
ing about one-tenth to 1 microcurie per square foot of Sr-90 (1,000 pounds of 
calcium per acre to an average depth of 6 to 7 inches), that over a period of 
years there would accumulate in the human skeleton a body burden of 1 micro- 
curie of Sr-90.% The highest Sr-90 activity found in soils from agricultural 
areas, about 100 miles from the Nevada test site, now shows a concentration of 
about 3.4X10-* microcuries per square foot. This is a factor of 30-300 times 
less than the one-tenth to 1 microcurie of Sr-90 quoted above. The calcium con- 
tent of soils around the Nevada test site is several times greater than the 1,000 
pounds per acre used as a basis for calculations, which would materially reduce 
the strontium uptake. 

(Although not of direct concern to the Nevada test site, it is of interest to 
note that soils were collected from the Marshall Islands following the fallout 
in early March 1954. Appendix M summarizes these data.) 

A recent report strongly suggests that contamination of leaf surfaces followed 
by either direct consumption or intake by way of milk is a far more important 
pathway of intake than the soil-plant-animal cycle, at least for those times of 
year when plants may be in a state of growth to collect the fallout. Further 
analysis is being planned. 

This same report raises a new problem, Based on stated assumptions, the 
data presented indicate relative doses of: 


thyroid: tens of thousands of reps 
Sr *-”: 300 reps 
external gamma: 40 roentgens 


High radioiodine doses to the fetus and baby may be particularly important, 
Additional evaluation will be given this problem, 


CRITERIA VI. ROUTINE RADIATION EXPOSURES 


The whole-body gamma effective biological dose for off-site populations should 
not exceed 3.9 roentgens over a period of 1 year. This total dose may result 
from a single exposure or series of exposures. 

If integrations of dose rate readings are used in estimating the effective bio- 
logical doses, then table V may be used. 





TABLE V 
Multiplica- Effective 
tion factor biological 
dose 
Maximum theoretical radiation dose from time of fallout to 15 days later....... % 
Maximum theoretical radiation dose from 15th day to 1 year................... 6 


Total (best estimate of effective biological dose) 





% Private communication, L. A. Dean, U. 8. Department of Agriculture, Beltsville, Md., 
April 28, 1954, 
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If film badges or dose meters are worn on personnel and the evidence of their 
use supports the view that the readings are a reasonably accurate account of 
the radiation dose received, then the values recorded on the film badge may 
be accepted with a correction factor of %4 to account for the difference between 
the dose received by the film badges or dosimeters (including backscatter) and 
that received at the tissue depth of 5 centimeters. 


CRITERIA VI. ROUTINE RADIATION EXPOSURES 
Discussion 

In 1953 the following recommendation was made in the report of Committee 
To Study Nevada Proving Ground: 

“It is recommended, and found to be in conformity with the present principles 
of determining permissible exposure limits, that for test operation personnel the 
total body gamma exposure be limited to 3.9 r. in 13 weeks, and that the same 
figure be applied to the off-site communities with the further qualification in 
the latter case that this is the total figure for the year. In general, this im- 
plies a single test series in any given year.” 

On the basis of this recommendation and the reasoning discussed under criteria 
I, the criteria for estimating the whole-body gamma effective biological dose 
are summarized in table V. It will be noted that the biological factor included 
under criteria I is omitted in criteria V. In the first case we are dealing with 
relatively high doses that may require emergency measures with their attendant 
hazards. It is a situation where one wishes to estimate all pertinent factors 
in evaluating radiation doses even though they may not be known with precise- 
ness, before recommending an emergency action that may produce greater 
problems. In the case of criteria V one is concerned with relatively lower doses 
during routine operations. It would be difficult to justify on the one hand the 
proposition that weekly doses for general populations may be integrated and taken 
in a single exposure without penalty and on the other hand, that a given dose 
received over a period of a year may be administratively reduced because of 
biological repair. Therefore, the biological factor is omitted. 

The general effects of backscattering on measured radiation doses are fairly 
well established. Further, knowledge of depth (tissue)-dose curves has ad- 
vanced to a quantitative state.* Thus, there seems to be little doubt that a 
film badge or dosimeter worn on the person will overestimate the gamma radia- 
tion dose delivered at a depth of 5 centimeters (assumed depth of blood-forming 
organs). A major factor in determining this difference is the quality of radiation 


under consideration. One report dealing explicitly with radiation in a fallout 
field suggests a factor of about %. 





19 Permissible Dose From External Sources of Ionizing Radiation. National Bureau of 
Standards Handbook 59, September 24, 1954. 
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Apprenpix A. SAMPLE EstTIMATION oF GAmMA Doses SAVED By REMAINING 
INDOORS 


EXAMPLE I 


Assume: Time of fallout=H-+3 hrs 
Dose rate at H+3=667 mr/hr 

Then: Theoretical maximum dose from time of fallout to 3 hours later... 1.30r 
Savings by remaining indoors for 3 hours_____--------.---------- 0.65 r 
1 year effective biological dose if personnel did not remain indoors 
during the 3 hours (based on same assumptions contained in section 
on oveeugion) so 205 ose te Sk ae ee ~5.5r 
Percent of 1 year effective biological dose saved by remaining in- 
doors for the 3 hours 


(ebce ac ueskadswiwestetakanc ieee ait ~12 
EXAMPLE II 
Assume: Time of fallout=H-+3 hrs 
Dose rate at H+3=667 mr/hr 
Then: Theoretical maximum dose from time of fallout to 8 hours later__. 2.30r 
Savings by remaining indoors for 8 hours____-_.._......-.-_----- 115r 
1 year effective biological dose if personnel did not remain indoors 
during the 8 hours (based on same assumptions contained in section 
Gt CVERUERION 5 2 ic a 5 occa oeane kan dare eee eeee ~5.5r 
Percent of 1 year effective biological dose saved by remaining in- 
coors for the Queer co sc sncas aekewdes sa caeueie eos eeeees ~21 


Apprenpix B. Calculations of Beta Dose Rate at Depth of 7 Milligrams per Square 
Centimeter From a Thin Extended Source 


Assume: 1.5 Mev Beta (mean energy=0.5 Mev) 
p= 10 cm?/gm 
(This assumes a single mass absorption coefficient.) 
N=No e-** 


where No=number of betas at surface per cm? per sec, 
N=number of betas at depth x 
u=mass absorption coefficient 
z=distance (depth) under consideration 


x =—ypNo e-** 
_pNo e**E 
= 2 
where R=dose rate at depth z 


E=mean energy of betas 


= — (10) (0 007) 
. (10) No ee 0-5) 2.33 No Mev/gm-sec. 


No=3.7X 10!C where: C=activity in microcuries per cm? 
R=8.65 X 10'C Mev/gm-sec. 
R= (1.39 X 107!) (C) ergs/gm-sec. 
~5.4 C reps/hr 
or 5.0 C rads/hr 


Ezample 
Assume: C=80yuc/cm? (beta) 
R=54C where: R=dose rate at depth 7 mg/cm? in reps 
C=activity/cm? in ye 
= (5.4) (80) 
= 432 rens/hr 
or = 400 rads/hr 
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Comparison Beta Dose Rate (Reps/hr) at 7 Mg/cm? to Gamma Dose Rate Measured 
in Infinite Field at 3 Feet Above the Surface 


Assume: 80 yc/cm? (beta), equivalent to 1 megacurie/mi? (gamma) 


432 


Aprenpix C. Experimental Data Versus Theoretical Calculations (Appendix B) 
in Estimating Beta Doses 


In one relevant experiment, a thin P*? source was prepared by soaking a filter 
paper in a solution of phosphates and allowing it to dry. The surface dose rates 
were then measured with a surface ionization chamber.! Pertinent data are 
abstracted as follows: 


MEIORGOE OL GONNOGS io crchnckhaecwaagnuctabates vee eecses cau 9.6 mg/cm? 
POON DOULOR Ss wpsincn neck eencaniae Sued ds dca walat te 77.0 we/em? 
0.127 rep/sec 
Bevinde Glee tte. 3 - ce oe eset eee eee ie reps/hr 
Dosage rate at depth of x centimeters.......................... e~9.5a 


A. Theoretically: 
Using the equation from Appendix B 


__ pNoe*?E 


R 2 





(for P32) 
Substituting above data: 


9.5Noe~@-5) 0.007) 69 
k=? 
2 
=7.0 C reps/hr 
Let C=77 ye/cm? 
Then 2=7.0X77 
= 539 reps/hr at 7 mg/cm? (P*) 


R=457 e—-5) (0.007) 
= 427 reps/hr at 7 mg/cm? (P*) 


B. Experimentally: 


The two above approaches are within 26 percent of each other. If one extrapo- 
lates the experimental data from a source of 9.6 mg/cm? to a thin source (for 
comparative purposes) the two methods are within 20 percent, 


1 Effects of External Beta Radiation. Zirkle, Raymond E, McGraw-Hill Book Co. 1951. 





RADIOACTIVE FALLOUT AND ITS EFFECTS ON MAN 239 


APPENDIX C (a) 





Appenpix D, Calculations Gamma Dose Rate From a Field 6 Inches in Radius 
and Center of Chamber 4 Inches Above Surface 


Dose rate of gamma from a point source: 


h 


dy 


r=6CE where: r=r/hr 
C=activity in curies per square foot 
E=average energy of gammas (Mev) 


x xdx 


D=6CE 2 A +x” Ww 


here D=dose rate in r/hr 


h?+x? 
D=18.8 CEIn “a | 


i a I Al ARNG Es 





OOO —— 
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Example: 
Let: z= 1/2 foot 
C=40uc/cm? or 3.6107 c/ft? (gamma) 


E=0.7 Mev 

h=1/3 foot cca 

D= (18,8) (3.6X 10-4) (0.7) In [eye . te ! | 
== 0.56 r/hr 


Comparison Gamma Dose Rates From Infinite Plane at a Height of 8 Feet Above the 
Ground to Area of 6-Inch Radius and Height of 4 Inches 


Assume: 1 megacurie/mile? 
(3.6 X 107 ¢/ft?) 


4.r/hbr _ 


0.56 r/hr — ‘- 


Aprenpix E. Estimate of Dose Delivered by a Single Particle of Fallout Material 


Assume: a, Point source 
b. 0.5 Mev average beta energy 
ec. p= 10 em?/gm 
d. Rate of decay follows t-!# 
The dose delivered at the surface of an imaginary sphere at distance R from a 
point source.! 
(1) K(R)= CE e~*® Mev 
4rk? gram 
where: K(R)=dose delivered at the surface of an imaginary sphere at distance R 
E=average energy of beta particles 
C=total number of disintegrations 
uw=mass absorption coefficient 











Substituting: 
u=10 em?/gm 
E=0.5 Mev 
™ ci e 10k Mev 
ee Peer R? gm-disintegration 
4 ek = millireps 
== G. _ &** miullireps 
coor a eu aor Rk? disintegration 
-10R ae 
or (3.b.) K(R) =6.4X 10-8 e millirads 





Rk? disintegration 


Notr.—Equation (3.a.) is plotted on the attached graph. 
Tor fission products: 


(4) A,=A;t,“'4 


where: A,=disintcgrations per unit time at time “a” after detonation 
A,;=disintegrations per unit time at one unit of time after detonation 


Integrating equation (2), 


(5.2.) C=5A\(t.-°2 —t,-92) 
and (5.b.) C=5A,t,)2(t,-°? —t,-°) 
where: C=total number of disintegrations from time ‘‘a” to “b’”’ 


t,=time after detonation 
t,=later time after detonation. 
When ¢, is infinite, 


(6) Gos = 5A it. 


By the use of equations (3.a.) or (3.b.) and (5.b.) one may compute an estimated 
dose at the surface of an imaginary sphere. 

Of course, the problem is the determination of “t,” and “‘t,’’, i. e., how long 
after detonation will a radioactive particle be deposited and how long will the 
amis gama in place. The first time (t,) is much easier to estimate than the 
later (t,). 


1 Rossi, H. H. and Ellis, R.H. “Distributed Beta Sourcesin Uniformly Absorbing Media.”’. Nucleonics. 
July 1950, V.7 No.1. 
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Radius of Imaginary Sphere in Centimeters 
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APPENDIX F, EsTIMATE OF BETA Doses FROM A SINGLE PARTICLE ON THE SKIN 
(POSSIBLE PRODUCTION OF RECOGNIZABLE ERYTHEMA) 


Let: t,=3 hours (time particle is deposited on skin) 
t,=27 hours (time particle is removed) 


Assume: 1500 reps=total dose required in one day to produce recognizable 
erythema 
0.1 cm=radius of imaginary sphere within which cells must receive 
2000 reps or larger. 


According to appendix E, 2.5 10~’ reps/disintegration is delivered to surface 
of imaginary sphere 0.1 centimeter in radius, 


1.5X 10° os . : 
35X10" 6X 10° disintegrations required 
C= 5A gt! [t,-12-—1,-0.2] 
6X 10°= 5A,3! [3-02 —27-0.2] 
A,=1.14X 10° d/hr 
or about 8.6 we at H+3 hours. 


Of course, the radius of the imaginary sphere selected will materially affect the 
calculations. For example, a radius of 0.2 cm would require a particle of about 
96 microcuries at H+3 hours to give the same dose. 


APPENDIx G. ESTIMATE OF GAMMA Dose RATE AT Four INCHES FROM A SINGLE 
PARTICLE OF FALLOUT MATERIAL 


Assume: a, The average gamma energy of fission products may be compared with 
radium; that the average energy of fission products is 0.7 Mev; 
that the average energy from radium daughters is 0.8 Mev with 
2.3 photon emissions per disintegration or that the average energy 

er disintegration is 2.6 times greater than per disintegration of 
ssion products. 
b. A particle of 150 microcuries of beta activity or 75 microcuries of 
gamma activity. (See appendix H.) 


I = 54 me (mo) for radium through 0.5 mm of platinum, 


where} J=gamma dose rate (r/hr) 
d=centimeters 
Let: mc=7.5X 10-3 
d=10 cm 


tes (8.4) (7.5 X 10-2) 
ot 102 


=6.3 mr/hr gamma dose rate at 4 inches (for radium) 


som? 4 mr/hr for fission products 


AprenpiIx H. Data and Calculations on Doses From Single Particles of Ruthenium 
and of Fallout Material 


A. Comparison of beta energies from Ru'® and Ru" mixture to that from 


fission products, 
Ru'® 0.3 Mev beta (T= 42d.) 
Ru'*~0.03 Mev beta (7'=1.0y.) 
Rh’ 3.55 Mev beta (7'=30s.) 
Assume: Ru'*/Ru!™ ratio of 0.75! 


1 All of the basic data contained herein on ruthenium is contained in HW-33068. A status report. 
Bept. 15, 1954. 
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To estimate a mean average energy of betas from mixture: 








Maximum Weighted 





Parts Isotopes energy maximum 
beta energy betas 
Dh oii cnecncwvnnniicmatisinninidiaicmntnnamuuutaiennianeniaemmemnanEn  cacaat 0. 35 0. 35 
LEB. ccccccccccscccqncecccnacccocescucscuscasucouccsasnensaeeus Ru!®___ ow. 0.04 0.05 
BME csc ncccccdustdmiosccsusdaniwanncesbocsuumeaconscacdmoeadh i eisteens 13.35 4.45 
DOM ec ccccsumivcdscccsststccnqucscauanbaadaodramzanaenaimomadan lee 4. 85 
1 Average. 
4.852 
=zz i183 
3.66 


Average energy ~0.43 or roughly equivalent to that assumed for fission 
products. 

(Of course, the average energy of the betas is not the sole consideration. The 
spectral distribution of the betas from Rh'™ probably is quite different from 
that of fission products, thus affecting the depth dose curve.) 

B. Data on doses and effects from single particles of Ru! and Ru!: 





2, RNS OF OE iii inca ecstatic 
Activity of particle. -_- 
Dose rate to 7 mg/cm? 
Te GOO GONG rica de nddnctehicnasdia matinee’ PUB ONG icectininistsintonss -~6 days. 





2. Survey dose rate (mrads/hr)! Total skin dose (rads)? Effects 


None visible. 
eddening. 
Desquamation. 
Tissue destruction. 
Tissue destruction— 
2 cm across. 
8 min deep. 





190 mrads/hr=1 ye. 
3 ‘Total dose refers to the hot spot directly below the particle, and is valid only as to order of magnitude.” 


C. x =8.3 ue estimated activity of particle producing reddening effect in about 


144 hours. The estimated size is 100 microns. 

D. (8.3) (144) =1200 uc total activity accounted for in the 144 hours that the 
dose was delivered. (Assuming constant activity during the 144 hours.) 

BE. What specific activity of a particle of fallout would be required to deliver 
the same dose in the same length of time? 

The answer to this question depends upon the time after detonation that the 
particle comes in contact with the skin. Assuming this time to be H+-3 hours, 
the specific activity would have to be about 150 ue for the same size particle. 

Since the particle may be washed off before 6 days have expired, one may con- 
sider the problem another way. What must be the specific activity of a particle at 
H+ hours to deliver this dose in the next 24 hours? 

According to Strandgvist (p. 6), only about 70 percent of a 6-day dose need 
be delivered in one day to produce the same effect (erythema). Accepting this, 
then a particle with about the same activity (160 uc) at H-+3 hours would be 
sufficient to deliver an erythema dose in 1 day. 

F. The following data are reported for single particles collected during Up- 
shot-Knothole and Tumbler-Snapper. 


i 
7 
: 
7 
§ 
= 
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: 
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aus, 
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Activity Distance 
Size of particle (u) extrapolated | from ground 

to H+3 Zero (miles) 

hours (uc) 

Oeeserss eigenen en ea a a a a eeeeee sees 1,000 45 

Gh ce cctkehussagguasunbsaédvilentsencbpedéianiamabaaminnaiietséinadammehin 200 130 

BE 0 PRs x cadaantpdeccnnsnipecancen Retsneairmaas aac mainaimmmannpauanEin 900 10 

I icine sedate teenie takp-qnap oven encqnlelaclanitioctieaseveatats meatteen tach aah at aged evenre ean etineaaiaial 480 ll 
Tae dc addckndaddarsbanenanegrhwensahetucedschsumiegapad aatunninhucwausnwinnaun 350 14.7 

Tia san citi atibat eate teas esstniteen eniasndieeas tains pended taht aehns te eetipbokk tui eaaialleia 400 10 
SIT sis icestccesentetts exons tac clesencieasenentnian ce ckemsch toate oven ecalaar dieeoieapninils tot tiotinss aetna ees het tet eect rte 140 14.7 
SRS ie iciarenccintetarncipirantrectnamrnemramenmat: oteiarvnanscenst nine opninmadaterteiavtis 250 14.7 
Fa a cn asa ek i nid ema ooaeiabdmaemem abla 7 14.7 

Ue ede e ccka bdibak Lehn dhcns boa a niieneeeanebnsd eammrninedinahieidale 5.2 95 
Wb isis sss ccnp seleseeetinpmeiicen: cna tte ag ah cients oases ange taeansatacaeitias Aare desing eat 3.0 14.7 
TOD succes cso else hia ee esis ahabetads aeianiohlancaiiainiastacabaae OO ccinsbubctkinnne: 





1 Data from estimations based on radioautograph methods. 


It is not intended here to imply these are the maximum specific activities 
per particle that existed or could exist. The data at 14.7 miles are reported 
to show the wide range of specific activity that may occur at one locality. 


APPENDIX I. ESTIMATION OF RATIO OF SuRFACE Beta Dose RATE TO GAMMA 
Dose RATE at 4 INCHES FROM AN OBJECT 2 INCHES IN RapIus 


One may assume a ratio of beta dose rate (at 7 mg/cm? depth of skin) to 
gamma dose rate (3 feet above the ground) of 125/1. If a contaminated ob- 
ject of say 2-inch radius were removed (or shielded) from a general radiation 
field the gamma dose rate at 4 inches from the surface might be some 40 times 
less than from an infinite plane with the same degree of contamination (ap- 
pendix D), while the beta dose rate might remain almost the same value if 
the object is in contact with the skin. Thus, the beta-to-gamma dose rates 
measured under these conditions might be 5,000-1. For other than a plane 
surface, the gamma dose rates might be higher, thus reducing this ratio. 
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AppENDIx K. MetrHop USED IN ESTIMATING DOSES TO THE LUNGS FROM IN- 
HALATION OF FALLOUT MATERIAL 


Assumptions 


The following assumptions are made in estimating radiation doses to the 
lungs. 

A. Twenty percent of the inhaled activity is deposited. 

B. There will be no elimination of particles during their radioactive lifetimes. 
There is uncertainty as to the biological half life of particles in the lungs. In 
those communities showing the highest concentrations of fallout, the peak of 
airborne material (which accounted for the greatest percentage of total fall- 
out) occurred only a few hours after detonation. If one assumes a radiological 
decay according to ¢* and a biological half life of say 30 days, the omission 
of biological half life would not affect seriously the computed total dose. 

Cc. All of the activity is associated with particles in the respirable range of 
sizes. Past data from cascade impactors indicate that about 90 percent of the 
activity is associated with particles 5 microns or less in the communities sur- 
rounding the Nevada test site. 

D. The lungs are uniformly irradiated. 

BE. The weight of the lungs is 900 grams. 

F. An individual inhales 20 cubic meters per 24 hours. 

G. The average beta energy is 0.5 Mev. 

H. The gamma dose is negligible compared to the beta dose. 


Data at St. George, Utah 


pe In- 
——- oat. pe Re- 
| mate mid- col. tained 
(Short time) 0505 Duration | point after 8uc/M times (col. V 
detonation col. IV |times 0.2) 
times 
0.834) 





1 Assumed, 


Sample calculations 
D=5Atg![t,-02 —t,-0] 
Let:¢ ,=3 hours 
t,= 2184 hours (13 weeks) 
A=3 ue 
D= (5) (8X 2.22 X 10° X 60) (3)!--[3-0-2 — 21 84-0-2] 
= 4.4 10° disintegrations from 8d hour to 13th week, 


Assume: Eayg.=0.5 Mev 
‘ 1 1 o 
(4.4 10°) (0.5) (1.6 10-8) (555) (5) = 4.2X10-? reps 


= 42 mreps 


Total lung dose for 13 weeks: ~130 mreps. 





RADIOACTIVE FALLOUT AND ITS EFFECTS ON MAN 247 


APPENDIX L, EsTIMATE OF DOSE AT SURFACE OF IMAGINARY SPHERE 1 MILLIMETER 
In Raprvus 


Assume: Average activity for 30 minutes is 0.5 we at H+3 to H+3% hours. 
(See reference appendix H.) 
Then: 0.52.2 10°X30=3.3 X10’ disintegrations/30 minutes. 
At surface of imaginary sphere 1.0 mm. in radius the dose rate from a 
point source is 


S mreps 

SRA "disintegration 

(3.3 107( (2.52 X 10-*) =8.3 X 103 mreps/30 min. 
™8 reps/30 min. 


For particles of higher specific activity, the dose would be correspondingly 
higher, of course. 








(See appendix E.) 


APPENDIX M 


Estimate of Sr® in soils of Pacific islands 








Total ac Rough esti- 
tivity Sré?-Sr0 mate exter- 
(ue/ft?) (uc/ft2) nal infinity 
Location (measured) | (measured) | gamma dose 
(roentgens) 
I 8 Ill 
o-1 8.7x 10"? 4 
I 1.2x10? 4 
.0 3.8 x 10-2 12 
1 2.8 x 10-3 8 
el l1ixlo- 4 
1 4.8x 10-3 2 
2 13x10 0.5 
Rongelap: 
IE ND cies cst Svstccciciiriitesptcdhcnenaitoienrmnioeniatalntnssasaideannanapiels 62.0 1.08 500 
HRN cei i <a eee ns ancmcasecaeencae ad SAE 40.0 §.5 x 10-1 500 
Gh eR. IN. VO) acne cccccccccacnnadbabudsianeadies 5.0 6.3 x 10-! 500 
Cit, CRIED is noon cnn ckc nce ceencensnieiinmcaaewinenell 4.5 9.2x 10-1 500 
RIES cn ccinncaenthcncipipsussbadeenslcennghcagaenl 230. 0 12.5 4. 500 
Eniwetok 50.0 1.2 1, 500 
ee 200.0 4.9 3, 300 
Weiacccdddccaad 53.0 9.8 x 10-3 60 
TEENS: ci cuninwndndakdccukaccemeadassdnneciaaaee 3.3 44x10"! 250 
Eniwetok 8.0 6.6 x 10-1 400 
Des dedcudanccctnewistsntsdsaddvedsaciedessiaclenaddiehuna 6.1x 10-1 9.6x 10-2 170 


1 All data as of May 5, 1954, except island of Eriirippu where date is May 20, 1954. 


UNITED States ATOMIC ENERGY COMMISSION, 
Washington D. C., August 2, 1957. 
Hon. CHet HOLiFIELD, 
Chairman, Special Subcommittee on Radiation, 
Joint Committee on Atomic Energy, 
Capitol Building, Senate Post Office, Washington, D. CO. 


Dear Mr. Houirretp: As a part of the written record of The Nature of Radio- 
active Fallout and Its Effects on Man, there is being reproduced a document 
Discussion of Radiological Safety Criteria and Procedures for Public Protection 
at the Nevada Test Site written by me some time ago. I would greatly appre- 
ciate it if a footnote (attached) were added to this document. 

Also enclosed is a copy of the revised radiological safety criteria (April 1957) 
that are currently being used. I would like to suggest respectfully that these 
revised criteria also be printed so that the reader may have the benefit of our 
latest thinking on these matters. 

Sincerely yours, 


Gorpon M. DUNNING, 
Health Physicist, Division of Biology and Medicine. 
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RADIOLOGICAL SAFETY CRITERIA DurRING NUCLEAR WEAPONS TESTING AT THE 
Nevapba Test SITE 


(April 1957) 


INTRODUCTION 


The criteria and procedures set forth in the following paragraphs were estab- 
lished after full consideration for protecting the health and welfare of the public, 
both in terms of radiological exposure as well as possible hazards, hardships or 
inconveniences resulting from disruption of normal activities. Criteria are es- 
tablished as guides for the Test Organization in determining whether any special 
actions should be taken to protect the public. 

These criteria are not established with the expectation that the coming tests 
at the Nevada Test Site actually will result in radiation levels which will be 
greater than heretofore. Rather, they formalize past criteria to give even 
clearer guides for protecting the public. With improved methods of predicting 
fallout and with the use of balloons and higher towers for detonating the nuclear 
devices, it is expected that fallout in populated areas from future tests at the 
Nevada Test Site will be less than the highest amounts which have occurred in 
the past. 

Two basic assumptions are made in this report: 

(a) It is the responsibility of the Division of Biology and Medicine to estab- 
lish such criteria for the Atomic Energy Commission as deemed necessary to 
protect the health and welfare of the general populace from consequences of 
weapons tests conducted at the Nevada Test Site. 

(b) The operational procedures adopted for meeting these criteria shall be 
the responsibility of the Test Manager, as directed by the Division of Military 
Application, with the technical guidance of the Division of Biology and Medicine. 

The following criteria do not apply to domestic or wild animals since levels 
of radiation which would be significant to them would have to be higher than 
those specified herein. 

Section I, EvacuatTIon 


BACKGROUND 


The decision to evacuate a community is critical for two principal reasons. 
One, presumably there might be a health hazard if the personnel were allowed 
to remain. Two, there is always an element of danger and/or hardship to per- 
sonnel involved in such an emergency measure. 

It is recognized that extenuating circumstances may accompany any situation 
where conditions indicate evacuation as a mode of action. The size of the 
community, areas and accommodations available for the evacuees, weather con- 
ditions, means of transportation and routes of evacuation, disposition of ambu- 
lance cases, protection of the property left behind, and many other factors may 
enter into the decision relative to evacuation. Further, it is recognized that 
under certain conditions, the evacuation of a community might prove not only 
rather ineffectual but could result in more radiation exposure than if the 
population remained in place unless the situation be adequately evaluated. A 
blanket evaluation cannot be made in advance; each situation can be unique. 
The following criteria therefore are suggested as guides in assessing the possible 
radiological hazards; the final decision must be made on the basis of all relevant 
factors known at the time. They are intended to apply principally to relatively 
large populations since small groups may be evacuated without equivalent 
potential hazards. 

Owing to the necessity of making early measurements and decisions, it is to be 
expected that dose-rate readings, taken with survey meters, will be the available 
evidence at the times of concern. This necessitates making rough approxima- 
tions in advance of the effects of weathering and of shielding from normal 
housing, in reducing the radiation exposure. The variable nature of these two 
parameters makes impossible the establishment of a precise rule covering all 
situations. Therefore, the following may be used in making conservative esti- 
mates of these effects: 
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(a) For weathering—the measured gamma dose rates at three feet above the 
ground be assumed to decay according to (t)~? for the first week after a 
detonation, (t)** for the second week, and (t)** thereafter.’ 

(b) For shielding—the accumulated dose per day be 25% less than the out- 
of-doors dose.’ 

In the case of a truly emergency situation where potential hazards may ex- 
ist either from the fallout or from mass evacuation of large populations, it 
would seem proper than due consideration be given to the biological repair 
process that takes place with radiation doses distributed in time (recognizing 
that such effects from radiation as genetic changes and life shortening may not 
be time dependent). The estimates for biological repair for man are quite un- 
certain so a conservative value is used here of a half-time of repair of about 
four weeks. 

Graph I incorporates the above factors of weathering, shielding, and biologi- 
cal repair into a single curve. This graph may be linearly extrapolated to other 
dose rate readings. For example, if fallout occurs three hours after detonation 
and the dose rate is 10 r per hour, then about 67 r (effective biological dose) 


may be accumulated, i. e., ar X1.0=67 





1This concept was suggested after analyzing data from both the Nevada Test Site and 
the Eniwetok Proving Ground and is intended to give generalized estimates to cover a 
wide variety of situations. It is pose that with the snualler fallout patterns and 
with the sandy soils around the Nevada Test Site, the effective decay constants may be 
greater than these. An expanded monitoring program will be in operation during Opera- 
tion Flumbbob (1957 Series) for the collection of pertinent data to allow better estimates 
of effective rates and of the efforts of —- provided by buildings. 

2 This is based on an average 12 hours per day stay in a frame house having an attenua- 
tion factor of two. It is recognized that some individuals will be in buildings having 
higher attenuation factors, and for longer periods of time. On the other hand, this is 
generally an area where people may live an appreciable amount of time out of doors and 
where windows and doors are left open, so the fallout material may enter the buildings. 
Possible revision of these estimates will await results from the expanded monitoring 
program during Operation Plumbbob, 


98299°—57—pt. 1-17 
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GRAPH I 


APPROXIMATE GAMMA DOSE RATES VERSUS TIDES 
AFTER DETONATION TO PRODUCE ONE ROENTGEN 
EFFECTIVE BIOLOGICAL DOSE 


GAMMA DOSE RATES (THREE FEET ABOVE GROUND) 
(MELLIROENTGENS PER HOUR) 
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CRITERIA I 


Effective Biological Doses may be calculated according to Graph I. 
Table I may be used in evaluating the feasibility of evacuating relatively 
large populations. 


TABLE I.—Radiological criteria for evaluating feasibility of evacuation 


Effective biological dose: Minimum effective biological dose that must 
be saved by act of evacuation (otherwise 
evacuation will not be indicated) ; 


Up to 80 roentgens_..._.______ (No evacuation ind‘cated.) 
80 to 50 roentgens_____-______ a 15 roentgens. 
50 roentgens and higher______ es (Evacuation indicated without regard to 


quality of dose that might be saved, pro- 
viding adequate shelters are not available 
and the estimated hazards concomitant 
with evacuation are acceptable.) 
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Seorion II. PersoNNEL REMAINING INDOORS 
BACKGROUND 


By remaining indoors (a) the gamma exposure will be reduced, and (b) there 
is less possibility that the fallout material will come into contact with the 
skin. (Beta burns have occurred in the past only when the fallout material 
has remained in direct contact with the skin.) To prevent or greatly reduce 
this latter effect, it is highly desirable to make decisions before or very shortly 
after the start of the fallout. Likewise, partial shielding at these early times 
will be of optimum benefit due to the relatively high gamma dose rates. Thus, 
the decisions must be based on predicted fallout in an area, or on dose-rate read- 
ings from field monitors’ reports. 

These predictions are of course subject to varying degrees of uncertainly so 
that personnel may be asked to remain indoors unnecessarily. On the other 
hand decisions and action must be taken relatively quickly if optimum benefits 
are to be derived and remaining indoors until the radiological information is 
more accurately evaluated probably represents one of the easiest and effective 
ways of meeting an emergency situation. 

Due to uncertainties in our knowledge, and recognizing the usual unequal 
distribution of fallout, it has not been possible to establish precisely the amount 
of fallout in an area that could produce beta burns. The Marshallese experience 
showed such effects for those people exposed to 175 r and 69 r whole body 
gamma radiation, but none for those individuals on the Island of Utirik (370 
miles from ground Zero) receiving 14 roentgens. Whether these results would 
hold true for other situations is not known, i. e., different particle size distribu- 
tion, different type skin, etc. At one location, Riverside Cabins, Nevada, about 
15 people were in an area receiving fallout in an amount equivalent to infinity 
dose of 15 roentgens, with no known cases of beta burns, although it is not known 
if anyone was out-of-doors during the time of fallout. Until more is learned 
of this phenomenon, it would appear advisable to remain out of the direct fall- 
out when the amount would be such as to produce about 10 roentgens gamma 
infinity dose as measured at three feet above the ground. In the event person- 
nel are out of doors during the time of this amount of fallout, the possibility of 
beta burns could be greatly reduced by the simple expedient of changing clothing 
and of bathing. 

If people were not asked to remain indoors during the period of highest dose 
rates in an area where the infinity dose was 10 roentgens or more, their actual 
exposure might be in excess of 3.9 roentgens of wholebody gamma. This would 
not necessarily be hazardous but would exceed the established criteria for 
Plumbbob (Criteria VI). 

CRITERIA It 


When the gamma dose rate reading as measured by a survey meter held 
three feet above the ground reaches the values given in Graph II at the times 
indicated, it is recommended that personnel be requested to remain indoors with 
windows and doors closed. Release from this restrictive action should be made 
on the basis of further evaluation of the radiological conditions. 

In the event that there be convincing evidence that the radiation levels given 
in the graph will be reached, it is recommended that personnel be requested to 
remain indoors BEFORE fallout occurs or before the radiation levels equal those 
in Graph II. Release from this restrictive action should be made on the basis 
of further evaluation of the radiological conditions. 

It is recommended that people who had been out of doors during fallout of 
the above magnitude or greater be advised to change clothing and to bathe. 
The clothing may be cleaned by normal means. While bathing, special attention 
should be paid to the hair and any exposed parts of the body. 

In the event that the monitoring takes place AFTER the fallout has occurred, 
and extrapolation of the dose rate readings equals or exceeds those in Graph 
II at the estimated time of fallout, then it is recommended that the same advice 
be given as in the preceding paragraph, 
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vw 
Section III. DECONTAMINATION OF PERSONNEL 
BACKGROUND 


The principal purposes for decontaminating personnel are to reduce the 
potential beta doses to the skin, and to a lesser degree reduce the external 
gamma exposure. The discussion on beta doses in Section II is applicable 
here. In addition, there is much unknown about monitoring methods for 
personnel contamination. The following criteria were previously developed 
on the basis of measuring the gamma radiations (and then extrapolating 
to the accompanying beta radiations) with existing instruments. Recently 
new field instruments have been developed for direct beta measurement, but 
there remains considerably more work necessary to calibrate them in terms 
of beta dose rates to the body. Until this is accomplished, the past criteria 
may be used, 

CRITERIA III 


Where it is not possible to monitor personnel outside of a general radiation 
field, it is recommended that an estimate be made of the degree of personnel 
contamination by determining the location of the individual at the time of 
fallout. In the event there is uncertainty as to the validity of such an estimate, 
the assumption will be made that the individual was out-of-doors during the 
time of fallout. In those areas where the infinity gamma dose equals or exceeds 
10 roentgens, it is recommended that the individual be advised to bathe and 
to change clothing. 

For personnel being monitored outside the general radiation field where 
personnel contamination exists over relatively large areas of the EXPOSED 
body (one-half square foot or more) : 

When the reading of a survey instrument held with the center of the probe 
or center of the ionization chamber four inches from the center of the 
contaminated area, equals or exceeds the values given in Graph III it is 
recommended that personnel be advised to bathe and to change clothing. 

For personnel being monitored outside the general radiation field, where 
personal contamination exists over relatively small areas of the EXPOSED 
body (less than one-half a square foot) : 

The recommended maximum values are one-half those given in Graph III. 
Monitoring of the head, arms, hands, lower legs, and feet will be considered 
as coming under this category. Washing may be limited only to the contaminated 
parts, and also a change of clothing may not be indicated, unless the radiation 
levels exceeds those stated below concerning monitoring of exterior surfaces of 
clothing. 

For personnel being monitored outside the general radiation field, and the 
contamination exists over only spots of EXPOSED body (about the size of a 
half-dollar or less) : 

The recommended maximum values are one-fifth those given in Graph III. 

Washing may be limited only to the contaminated parts, and also a change 
of clothing may not be indicated unless the radiation levels exceed those stated 
below concerning monitoring of exterior surfaces of clothing. 

For personnel being monitored outside the general radiation field and the 
contamination exists over any size area on the exterior surface only of the 
clothing: 

The recommended values under these conditions are twice those given in 
Graph III. The first recommended action shall be to resort to such simple 
acts as brushing off the clothing. If this action does not reduce the radiation 
levels to twice those given in Graph III or less, then personnel should be advised 
to change clothing and to bathe. 

When the general contamination of a community is of the degree to produce an 
estimated maximum theoretical infinity gamma dose of 20 roentgens or greater, 
personnel who have been out-of-doors at any time during the first two days and 
generally moving around in the area (as apposed to such an act as walking only 
between a building and a vehicle) should be advised to brush off the footwear 
(outdoors), to bathe and to change clothing as soon as possible after the final 
return indoors each day. In addition personnel who go out-of-doors for any length 
of time during the first two days after such a fallout should be advised to wash 
their hands at least after the final return indoors each day, and more frequently, 
if possible, 
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Section IV. DECONTAMINATION OF Motor VEHICLES 
BACKGROUND 


The principal purposes for decontaminating motor vehicles are to reduce the 
potential beta doses to the skin by contact with the vehicle, and to reduce the ex- 
ternal gamma exposure. All of the uncertainties inherent in personnel monitor- 
ing are applicable here plus additional ones, such as estimates of the probability 
of contact and the amount of transfer of radioactive material from the vehicle 
to the skin. The following criteria for monitoring motor vehicles (Graph IV) 
were previously developed, and until the new beta measuring instruments (see 
Section III) are calibrated, will continue to be recommended. 

One method of avoiding or significantly reducing vehicle contamination is to 
prevent their being in an area during the time of actual fallout. It is possible 
that fallout across a highway may be higher than that permitted for populated 
areas. When such a condition is predicted, it would be advisable to hold vehicu- 
lar traffic until after the fallout had essentially ceased. Past experience has 
shown that very significantly less vehicle contamination occurs when it passes 
through an area afterwards compared to being present during the fallout time, 
although appreciable amounts can still be picked up on the tires and under the 
fenders. Obviously, there is not a precise value that may be given, but it is 
recommended that if the amount of fallout across a main highway is predicted 
to be in an amount equivalent to 10 roentgens or greater infinity dose, that 
traffic be temporarily halted until the fallout has essentially ceased. 

CRITERIA IV 


It is recommended that when the predicted fallout across a main highway be 
equivalent to 10 roentgens or greater infinity gamma dose, vehicles be held 
until the fallout has essentially ceased 

Graph IV may be used in determining the advisability of decontaminating 
motor vehicles. The survey instrument should be held with the center of the 


probe or center of the ionization chamber four inches from any readily accessi- 
ble surface. 
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GAMMA DOSE RATES VERSUS TIMES AFTER 
DETONATION WHEN DECONTAMINATION OF 
MOTOR VEHICLES IS RECOMMENDED 


(SEE TEXT FOR METHODS OF MONITORING) 





Section V. CONTAMINATION OF WATER, AIR AND FOODSTUFFS 


BACKGROUND 


In any area where the theoretical gamma infinity dose exceeds 10 roentgens, 
adequate sampling of the water, air, and foodstuffs should be made to ascertain 
the conditions of possible contamination, if for no other reasons than as precau- 
tionary and documentary measures. Based on past data, however, it is not 
expected that under those conditions of fallout where the radiation levels are be- 
low those stipulated for possible evacuation, that the degree of contamination 
would be a health hazard. Nor is it implied here that any level above this does 
constitute a serious contamination of water, air, or foodstuffs. One good point 
of reference is the Marshallese experience where the whole-body gamma exposure 
was 175 roentgens yet the internal deposition from ingestion and inhalation was 
relatively small. In the event of a relatively heavy fallout, but less than one 
calling for evacuation, a common sense rule would be to wash exposed foods, 
such as leafy vegetables, since this is the most probable mode of intake of 
activity. 

CRITERIA V 


Monitoring of air, fod and water should be made as soon as possible in areas 
where the infinity dose equals or exceeds 10 roentgens. There need be no re- 
strictive action imposed on food and water intake in areas where the fallout 
is less than that calling for evacuation. Washing off of such exposed foods 
as leafy vegetables may be advised when such action seems desirable. 
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Section VI. Routine RApIATION Exposures 


BACKGROUND 


The Atomic Energy Commission has adopted, as an operational guide, 8.9 
roentgens whole body external gamma radiation for off-site exposure resulting 
from Operation Plumbbob. 

The discussion in Section I on effects of weathering and shielding on de- 
termining the actual radiation exposure is‘applicable here. However, the fac- 
tor of biological repair is not considered for routine exposures. This factor 
bears on somatic effects and may justifiably be considered in emergency situa- 
tions when it is necessary to weigh the relative hazards from radiation versus 
mass evacuation. However, for routine exposures, the actual (estimated) 
roentgen dose should be used. To distinguish from the Effective Biological 
Dose and the Infinity Dose, this exposure will be expressed as the Estimated 
Dose, 

Graph V incorporates the assumed effects of weathering and of shielding 
according to the discussion in Section I. The graph may be linearly extrap- 
olated to other dose-rate readings. For example, if fallout occurs three hours 
after detonation and the dose rate is 360 milli-roentgens per hour, then about 


three roentgens (estimated dose) may be accumulated, 1. e., aoe X1=3. 


As discussed in Section I, the estimates of the effects of weathering and of 
shielding may be conservative for areas around the Nevada Test Site. A range 
of radiation doses is to be expected for these people since they will not all 
be living under identical conditions. The radation doses estimated by the 
present method is expected to fall within and toward the upper end of such a 
range. The information obtained from the expanded radiological monitoring 
program for Operation Plumbbob, should yield refinements in the method of 
estimating the radiation exposures. 

In those cases where film badges are worn properly by personnel, the values 
recorded may be accepted as the Estimated Dose. 


CRITERIA VI 


Estimated Doses may be determined according to Graph V. In those cases 
where film badges are worn properly by personnel, the values recorded may 
be accepted as the Estimated Dose. 

The whole-body gamma Estimated Dose for off-site populations should not 
exceed 3.9 roentgens resulting from Operation Plumbbob. This total dose may 
result from a single exposure or series of exposures, 
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Representative Hoxirtetp. This afternoon we will have Dr. Forrest 
Western, Division of Biology and Medicine, Atomic Energy Commis- 
sion; Dr. Lyle Alexander, Department of Agriculture; and Dr. Roger 
Revelle, Scripps Institute of Oceanography, as witnesses. 

We will meet in the Senate caucus room, room 318, at 2 p. m. 

Before we recess, I have several statements to insert in the record 
at this point. The first is a statement of the United States Naval 
Radiological Defense Laboratory concerning the prediction, measure- 
ment and analysis of fallout and radiological countermeasures. Next 
a statement by LeRoy H. Clem, of Headquarters, Air Weather Serv- 
ice, United States Air Force. The third is a statement by Col. B. G. 
Holzman, and Col. Norair M. Lulejian, of the Air Force Research 
and Development Command, fourth is a statement by Dr. Donald M. 
Swingle, of the Army Signal Corps, Evans, South Carolina Labora- 
tory, and finally a presentation submitted by James G. Terrill, Jr., 
Chief, Radiological Health Program, Public Health Service. 


STATEMENT OF UNITED STATES NAVAL RADIOLOGICAL DEFENSE LABORATORY 
PREDICTION OF FALLOUT 


It was realized after the early weapons test operations that there existed a 
requirement for predicting the then little understood phenomenon of fallout. 
NRDL made the first studies on this subject by employing scaling techniques 
(1, 2, 3) similar to the approach used in the determination of blast and thermal 
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effects for weapons over a wide range of yields. Such scaling of radiological 
phenomena resulted in satisfactory results when compared to the meager ex- 
perimentally determined field data (4). As more effects data became available 
from subsequent weapons test operations (35, 6, 7, 8) the limitations of a 
straightforward scaling technique were observed and the increasing dependence 
of the fallout on the dynamical parameters involved, such as the meteorological 
variables, became apparent. This led to the development of a physical model 
that would hopefully explain the mechanism of fallout such that given the re- 
quired input parameters a knowledge of the fallout phenomenology for any type 
of nuclear detonation could be predicted (2, 9, 10). This model development 
was initiated by concentrating the effort on surface land detonations. Very 
little factual data were available for construction of such a model. However, 
it was realized that this approach offered the most positive chance of success 
and consequently theoretical assumptions regarding the model input parameters 
would have to be made. This model then defined the cloud source and associated 
parameters such as particle size distribution and relation of activity to particle 
size. A mechanism theory based on the particle settling rates and the effect of 
the winds aloft in determining the trajectories of these particles was established. 
A mathematical technique of summing the deposited activity on the earth’s sur- 
face was developed such that the fallout pattern would then be established. 

Because of the many initial assumptions made a great deal of effort was taken 
in subsequent nuclear weapons test operations to obtain refinements of these 
parameters by measurement (2). This work included detailed physical, chemi- 
eal and radiochemical analyses of fallout particles, time dependent studies on 
the fallout such as time of arrival as a function of distance, rate of arrival, 
and time to peak activity. Activity levels as a function of distance were made 
(5, 6, 7). Rockets were employed to establish the radioactivity profiles within 
the mushroom cloud (11). Such experimental data were employed in the re- 
finement of the physical model as well as were detailed studies of the effect 
of time and space variation of the winds aloft on the trajectories of the fallout 
particles. This data greatly improved the ability of the model to predict the 
fallout and continuing refinements are being made. The use of a physical 
model for understanding and predicting fallout appears justified (12). 

A fallout forecasting technique has been developed to satisfy the immediate 
needs of the military. This technique employs many of the model parameters 
established. However it was designed for operational use and predicts only 
the perimeter of the fallout pattern and the radiological axis of the area or “hot 
line” (13, 14). It is a rapid system that was tested at Operation Redwing and 
proved very satisfactory for both surface land and surface water detonations, 
The details of this technique are described in the enclosed NRDL Technical 
Reports TR-127 and TR-139. 

There has not been developed a satisfactory physical model for underwater or 
underground detonations to date. For these cases and environmental conditions 
other than surface or near surface burst the use of scaling techniques holds the 
most promise. However it is not inconceivable that the mechanism of such deto- 
nations will be understood and subsequent models developed. 

The accuracy of prediction of fallout is very dependent on the quality of the 
meteorological data available. With precise meteorological data the area of fall- 
out and direction of the axis of the pattern can be excellently forecast. The 
quantitative prediction of radiation levels at any point within the fallout area 
is much more difficult to predict. 

It is considered essential in order to insure the application of fallout predic- 
tion technique and radiological hazard assessment to a wide variety of detona- 
tion conditions that the basic mechanisms responsible for formation of fallou 
movement of fallout material in atomic clouds, its dispersal by meteorologica 
forces and return to the earth’s surface be thoroughly understood. Only a begin- 
ning to develop such an organized set of scientific data has been made. 
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MEASUREMENT OF FALLOUT 


It has been the overall objective of the fallout measurements made by NRDL 
at the Nevada test site (3, 9, 12) and the Eniwetok Proving Grounds (1, 5, 6), 
to obtain those data which would allow prediction techniques to be tested and 
assessment methods developed for the radiological situations resulting from a 
wide range of nuclear detonation conditions (8). 

Since fallout predictions result in the construction of gamma intensity con- 
tours, one group of measurements has featured the collection of experimental 
data for such contours. Direct measurement of the gamma ionization rate at 
a large number of points in the fallout area with a hand survey meter is the 
simplest and in many ways the most satisfactory method of obtaining this type 
of information (2, 4). When the fallout has been deposited on a solid surface, 
as in Nevada, surveys of this type have generally been used and further supple- 
mented with measurements on instruments calibrated in terms of ionization of 
the activities of samples collected at certain locations for the primary purpose 
of physical, chemical, and radiochemical studies. When the fallout has been 
deposited on a water surface, as in the Pacific, certain other measurements are 
required for the interpretation of survey results. Because of the way in which 
the fallout material settles and disperses in the water, it has been necessary to 
measure its distribution to the total depth of mixing at each point of measure- 
ment before the total fallout deposited at that point could be computed. This 
has been accomplished in part by the use of a radiation sensitive probe which 
could be lowered to various depths, and in part by measuring the activities of 
samples collected at various depths. Both procedures have required critical in- 
strument calibrations and theoretical work involving a number of assumptions, 
however, and it is probable that the results are much less accurate than those 
for the land surface case. In general, the measurements of this kind made by 


NRDL have shown that areas of the order of tens of square miles are subjected 
at early times to ionization intensities greater than 5 r/hr. by events in the low 
KT range and areas of the order of thousands of square miles to ionization inten- 
sities greater than 5 r/hr. by events inthe MT range. Levels of several thousand 
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r/hr. at early times for both yield ranges have been measured or inferred, 
although less than 10 percent of the total affected area was estimated to have 
experienced these levels. While the probable error for contours from survey 
ionization rate measurements has been estimated +20 percent for Nevada KT 
events, corresponding land equivalent contours for MT events in the Pacifi¢ 
cannot be estimated closer than within a factor of 2 or 3 at the present time. 

Another group of measurements has ben directed toward obtaining time de 
pendent data, such as the variation of the gamma field intensity and gamma 
energy spectrum with time and the distribution of particle sizes deposited with 
time at a number of locations in the fallout area (10, 12). Such information 
is needed both to check model theory which yields similar results and to pro- 
vide a complete description of fallout phenomena. The changing gama radia- 
tion field has usually been measured by means of an instrument which recorded 
increments of ionization dose received at its location from all sources within 
unit time intervals, while gamma energy spectra have been measured on fallout 
samples from a known fallout area with an instrument utilizing a crystal de- 
tector, a photomultiplier and a pulse height discriminator (7, 12). NRDL 
results have shown that the gamma radiation field due to fallout outside the 
area of severe blast damage tends to build up to a maximum in approximately 
twice the time required for the fallout to arrive, varying from a few minutes 
near ground zero to 24 hours or more at distances of over 100 miles. The 
radioactive decay of fission products may be approximately by a straight line of 
slope—1.2 on a log log plot; however the more general case in which severai 
induced activities are present, and the fission products are fractionated, leads to 
a complex decay curve. Spectral measurements show the average energy of 
the fallout gamma radiations to vary from about 0.6 Mev. at 10 hr. to 0.3 Mey. 
at 360 hr. 

The determination of particle size distributions with time has required the 
development and application of specialized collectors capable of sampling auto- 
matically over consecutive time intervals from a few minutes to an hour or more, 
as well as special methods and instruments for sizing and counting the col- 
lected particles. It has been found that particles with diameters between 
100 and 300 microns predominate in most collections with larger sizes (2,000— 
8,000 microns) increasing nearer ground zero and smaller sizes (20-100 microns) 
increasing farther away from ground zero. In general, data of this kind, being 
more direct, are more reliable for computing fraction of the bomb in the total 
fallout than survey results—although several sources of error such as sample 
bias 11 and radionuclide fractionation, do exist. On the scale utilized above, 
standard error in fraction calculations might be estimated at about +25 per- 
cent for the gamma energy and emission rate method, as opposed to possibly 
several hundred percent by the survey method for water surfaces and less than 
100 percent for land surfaces. 

Extensive physical, chemical, and radiochemical analyses have been per- 
formed on the particulate produced by detonations occurring on the sandy Nevada 
soil and on coral atolls and the ocean surface in the Pacific. The mass of such 
material as well as the fraction of the bomb deposited per unit area at a number 
of locations has also been determined by weighing collected samples and per- 
forming radiochemical analyses. Since fallout ingestion constitutes a separate 
hazard from exposure to external fallout radiation, and since countermeasures 
and recovery procedures depend heavily on knowledge of the various properties 
of the contaminant, information of this kind is essential for assessment pur- 
poses. 

NRDL has consistently emphasized measurements of local fallout and charac- 
terization of the phenomena associated with it. It has been possible, neverthe- 
less, to estimate the fraction available for worldwide fallout by subtraction of 
the local fallout from the total produced, and this has been found to be some- 
thing of the order of 50 percent for both land surface and water surface events. 
No closer estimate can be given because of the many uncertainties and sources 
of possible error in the measurements and calculations. 
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ENVIRONMENTAL AEROSOL ANALYSIS 


The United States Naval Radiological Defense Laboratory (USNRDL) collects 
and analyzes daily aerosol samples for airborne activity of air passing over the 
laboratory. Twenty-four-hour air samples have been collected and analyzed 
daily since January 1950, and is a continuing program at the laboratory. The 
attached graphs present a summary of the long-lived activity and half-life for 
these daily aerosol samples. Additional analysis on representative aerosol 
samples indicated this activity is due to airborne beta-gamma fission products. 
The appropriate dates of the various United States nuclear weapon tests are 
indicated. 

It is observed from the graphs that in 1950 there was essentially no fission 
product activity in excess of 10~* we/ee. In 1951, the aerosol activity rose during 
the Ranger and Greenhouse operations but then dropped back to an average of 
8x10‘ ue/ee. Successive rises and falls of the aerosol activity are noted for the 
succeeding years. The rises in aerosol activity, fall of 1951, 1953, 1954, 1955, and 
1956 were not produced by the United States or United Kingdom nuclear weapon 
tests. Since December 1955, the aerosol activity has varied between 10~™ and 
10-“ue/ee. In other words, the fission product activity background was less than 
10 ~* we/ee in 1950, but is now around 5x10~™ ye/ce. The present concentration 
of airborne fission products is at most one-tenth of the natural radiactive aerosol 
(radon and thoron) concentration and is one-fifty thousandth of the industrial 
maximum permissible concentration for continuous exposure to undetermined 
mixtures of beta-gamma emitters. 
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NATURAL RADIOACTIVE AEROSOLS 


The earth’s surface atmosphere normally contains radioactive aerosols pro- 
duced by the radioactive decay products of uranium and thorium minerals in the 
earth’s crust. The amount of these natural radioactive aerosols varies from 
10 ~* we/ce. to 10 ™ we/ce. as determined by the earth’s mineral composition in a 
particular locale. The unit yuc/ec. (microcuries per cubic centimeter) is a 
measure of the amount of radioactive material per unit volume suspended in the 
air. 10~ ue/ce. is the present industrial maximum permissible concentration 
for continuous exposure to undetermined mixtures of beta-gamma emitters. 

PROCEDURES 


Every air sample contains natural radioactive decay products (mainly radon 
from the uranium series and thoron from the thorium decay series), and any 
other radioactive material contamination such as fission products, suspended in 
the air. In the analysis of the aerosol samples collected at USNRDL, the natural 
radioactive aerosol products, radon and thoron, are subtracted from the total 
aerosol activity. The daily aerosol samples are collected at USNRDL by passing 
600 cubic meters of air through a 2-inch diameter high efficiency filter paper. The 
filter paper is then automatically counted for beta-gamma activity with a geiger 
tube and scaler. The minimum limit of detection on the USNRDL equipment is 
10 ywe/ee. 

RADIOLOGICAL COUNTERMEASURES 


INTRODUCTION 


Most of the USNRDL concepts relative to countermeasures against nuclear 
attack have been previously presented in the hearings before the Subcommittee 
of the Committee on Government Operations. One part covering our general 
concepts appears in part 6 of the hearings on Civil Defense for National Survival 
held at San Francisco and Los Angeles on May 24, 25, 28, 29, and 31, 1956. These 
concepts were expanded in those portions involving the emergency periods at 
hearings held on H. R. 2125 at Washington, D. C., on February 5 and 6, 1957. 


GENERAL CONCEPTS 


The overall objective of radiological defense is to minimize the effects of 
nuclear attack on operations, Three time phases of defense actions are appar- 
ent: emergency phase; operational recovery phase; final recovery phase. The 
objeetives in each phase are respectively: survival; early recovery of essential 
functions; ultimate recovery of normal functions. In everyday language, these 
objectives on a national scale are survive, stay in the war, and win the peace. 
There is a definite interaction between these objectives: actions which can be 
taken in any one phase will depend on those taken in other phases. 

The general concepts on which the time phases and the respective counter- 
measures which apply to each phase are discussed in references 1, 2, 6, 8, 9, and 13. 
Our basic conclusions (reference 9) are that shelter is the central counter- 
measure in the emergency phase and reclamation is the central countermeasure 
in the operational recovery phase. The central countermeasure for the final 
recovery phase will probably be some form of exposure control actions; the 
precise nature of the actions that will be required have not as yet been taken 
under investigation by NRDL. In addition, reference 9 discusses other counter- 
measures that can be used to supplement the central countermeasures; these 
are called peripheral countermeasures. They include such actions as dispersal, 
evacuation, operational adjustments to regulate exposure to radiation. 

These concepts are applicable to the case of large-scale attack with high yield 
thermonuclear weapons wherein all persons will be subject to effects of the attack 
and significantly larger areas will be subject to fallout than any other combina- 
tion of effects. The concepts also apply to attack with small yield weapons in 
localized areas where a more limited number of people are subjected to the effects 


of fallout alone. People in these areas must be prepared to achieve the objectives 
of the defense system. 


COUNTERMEASURE APPLICATIONS 


Radiological countermeasures are actions that are designed to reduce, elimi- 
nate, or control exposure of personnel to radiation from radioactive material. 
In the emergency and operational recovery phases, the principal radiological 
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hazard to personnel is that from external gamma radiation. In the final recovery 
phase (starting several years after attack), the principal hazard is an internal 
one from continuous ingestion and/or inhalation of long-lived radioactive mate- 
rials. Because of the long periods of possible exposure of personnel living in a 
radioactively contaminated environment, countermeasures must be planned as a 
phased, long-term, continuous, and coordinated system, Concepts and guides 
for planning such a system are given in references 1, 2, 8, 12, and 13. The over- 
all system planned for a given installation or locality must be based on an analy- 
sis of the vulnerability of the target area to attack and must be independent of 
the condition of attack, 


COUNTERMEASURE COMPONENTS 
1. Shelters 


The optimum requirement for the shielding afforded by a radiological shelter 
is a reduction in the radiation intensity of the order of 1,000 to 5,000; the use and 
requirements for shelters are discussed in references 1, 8, 9, 10, 18, 14, and p21. 
Reference 14 describes a national shelter system consisting of (@) simple radio- 
logical shelters, (0) radiological shelters with fire-storm protection in areas 
where fire storms could occur, and (c) high-performance shelters in densely 
populated areas to protect against high blast pressures and fire storms as well 
as against nuclear radiations. Many existing buildings can serve as adequate 
shelters; others can serve with some modifications. 


2. Reclamation 


The basic reclamation techniques presently available and tested are (1) man- 
ual decontamination of paved areas, building surfaces, ships, and aircraft; (2) 
earth-moving procedures on open land areas; and (3) automatic washdown on 
ships. Most of the data on decontamination are from laboratory experiments 
on sea-water type fallout, of which only a few of the more recent reports are 
referenced here. The reports that deal with the general chemistry and physics 
of decontamination are references 15, 16, 17, 18, 19, p4, p11, p12, and p13. Field- 
test and engineering-scale data are given in references 20, 21, 22, 23, 24, 25, 26, 27, 
28, 29, and p19. The application of these data to countermeasure systems plan- 
ning is described in references 1 and 8. 

In acdition to cost of equipment, operating rates, manpower required, and 
radiation dose incurred, the efficiency of many of the reclamation methods depends 
on the physical and chemical nature of the fallout. For similar levels of radia- 
tion, fallout from detonations at sea consists mainly of sea water residues, and 
is most difficult to remove from surfaces; fallout from harbor detonations con- 
sists of sea water and harbor bottom soils and is more easily removed; and fall- 
out from land detonations consists of contaminated soil particles and is easiest 
to remove. However, even for the latter case, decontamination of large areas 
is difficult and time consuming. The relative amounts removed by a method such 
as firehosing an asphalt road might be in the order of 30, 75, and 95 
percent, for sea water harbor and land detonation fallout respectively. The 
amount of fallout, condition of the surface, and time of removal also influence 
the results. For this reason, the effectiveness of a washdown system on a ship 
(at sea) cannot be used as a meaure of effectiveness of a similar system on 
buildings (on land) without experimental verification. 

Peripheral countermeasures in the operational recovery phase include (1) 
evacuation of nonessential persons to safe areas, (2) readjustment of operation 
schedules to reduce exposure times, (3) applied shielding such as sandbags 
around living and working areas. Whereas the presently employed concept in 
controlling radiation exposure is to exclude personnel from contaminated areas, 
the only feasible concept in radiological defense is just the reverse: the exclu- 
sion of radioactive material from clean areas, 


SUMMARY OF STATE OF INFORMATION 


The conceptual philosophy of an adequate radiological defense system is, at 
present, in a more advanced stage of development than are the supporting ex- 
perimental data required for successful implementation of the system. 

The main areas for which experimental data are needed are (1) shelter de- 
sign and testing (habitability tests, contamination ingress, effects under fire- 
storm conditions, operations in shelter related to outside conditions and future 
operations, communications problems, and control problems) ; (2) operational 
data necessary for testing many of the planning procedures such as those given 
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in reference 1; (3) reclamation procedures (improve reliability of data on pres- 
ently available methods, develop and test new, dry, decontamination methods to 
replace presently recommended methods which require large amounts of water, 
develop and test of aytomatic or low-exposure decontamination methods, im- 
prove rates and techniques of application of present methods—especially on larg- 
er areas, obtain correlations of laboratory and engineering-scale data with data 
from nuclear tests—most all nuclear tests are not applicable since they are in- 
tentionally detonated not to produce fallout of the kind required); (4) defini- 
tion of the radiological situation and development of countermeasures therefor 
during the final recovery phase from data on the transport of the radioactive 
elements in the region of heavy fallout from the radioactive particles into plants 
and animals used as foodstuffs; such data are required for the planning of nec- 
essary countermeasures for a resumption of normal living conditions; and (5) a 
proof test of a complete proposed countermeasure system under realistic attack 
conditions (a test in which the complete countermeasure system with all its 
tested components are put together and in which the countermeasure actions are 
continued through all the phases) ; such a test cannot be made under the biased 
influence of a weapons-development test, since it would take 5 to 10 years to 
complete, not counting the preparation time. 
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A Fattout PLortine DEVICE 


RESEARCH AND DEVELOPMENT TECHNICAL REPORT USNRDL-TR-127, NS 081-001, AND 
UNITED STATES ARMY, NOVEMBER 80, 1956 


By E. A. Schuert, Physics, Techncal Objective AW-7; Radiological Capabilities 
Branch, L. B. Werner, Head; Chemical Teehnology Division, E. R. Tompkins, 
Head; Scientific Director, P. C. Tompkins; Commanding Officer and Director, 
Capt. Richard S. Mandelkorn, USN, United States Naval Radiological De- 
fense Laboratory, San Francisco, Calif. 


ABSTRACT 


A fallout plotting device was developed. The method requires no drafting 
equipment and is ideally suited for field use. At Operation Redwing it was 
found that untrained personnel could quickly become proficient in its employ- 
ment. 

SUMMARY 
The problem 


A plotting device is needed to speed up forecasting where fallout will fall in 
the field. Such a device should require no drafting equipment but still ac- 
curately plot the required data in a manner compatible with the latest fallout 
model theories. It should be so constructed that untrained personnel can 
quickly become proficient with it. 


Findings 


Such a device was developed and tested at Operation Redwing. It proved to 
be satisfactory, and suitable for field operations. 


ADMINISTRATIVE INFORMATION 


This work was done under Bureau of Ships project No. NS 081-001, subtask 
1, technical objective AW-7. The work is described in United States Naval 
Radiological Defense Laboratory annual progress report to the Bureau of Ships, 
DD form 613, of July 1956 (enclosure (1) to commanding officer and director, 
USNRDL Secret letter 3-905-471 EHC: dle serial 0014921 of August 31, 1956). 
The plotter was tested at Operation Redwing, project 2.6.3, as described in 
subtask 4B of NS 088-001 of February 1956. 

The work also is part of the technical program for the Department of the 
Army established between Department of the Army, Office, Chief of Research 
and Development and Bureau of Ships (joint agreement, Nov. 23, 1955). 


INTRODUCTION 


This paper describes a rapid technique for plotting “particle-size”* and 
“height” lines in mapping fallout from a nuclear detonation. Since this method, 


4 Particle-size lines are often referred to as hodographs or weighted hodographs, 
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one of hand computation, uses a fallout plotting device that requires no dratfing 
equipment, it is ideally suited for field use. It was employed successfully at 
Operation Redwing where it was found that untrained personnel could quickly 
become proficient in its employment.’ 

The use of particle-size and height lines in mapping fallout is a standard 
technique employed in most analytical methods now in use. It simply describes 
a grid (fig. 1) on the earth’s surface indicating where certain sizes of fallout 
particles, originating along a line source through the axis of symmetry of the 
cloud, will arrive and from what altitude they will come. These parameters 
are the basic data for describing the fallout pattern. 

There are three requirements for determining this grid: the initial distri- 
bution of material in the atmosphere; the falling or settling rate of the material 
from its initial elevation; and the wind field through which the material is fall- 
ing and by which it is being displaced. 

The fallout plotting device computes the points of arrival on the earth’s surface 
of a given particle size that originates at various altitudes within the mushroom 
cloud and its stem. Particles originating at elevations of every 5,000 feet, from 
the surface to 120,000 feet, are considered. In the construction of the device, 
account is taken of the variable speed of the settling particles due to changes in 
the vertical distribution of the atmosphere’s density and viscosity. Aerodynamic 
falling equations were employed in its design. However, selection of particle 
falling speeds and altitude increments is arbitrary and not a fixed factor in the 
basic design of the plotter. 

If the average wind speed and direction within a given altitude increment and 
the time required for a particle to fall through it are known, then the horizontal 
displacement of the particle can be computed for that altitude layer. Knowledge 
of the particle’s point of arrival on the surface may be deduced from tracing a 
settling particle as it is displaced by each wind in each altitude increment. Plot- 
ting trajectories for each particle size at every starting elevation is the first step 
in determining the resultant fallout pattern; however, the drafting involved is 
tedious and time consuming. This effort can be reduced greatly by plotting from 
the ground up, as is done in the construction of a hodograph. Such a plot is 
made by starting at ground zero and working up through the altitude increments 


to the desired elevation. Although this technique does not plot the trajectory of 
the particle, it does define the arrival points on the surface of the earth of 
particles starting at each altitude increment (fig. 2). 


DESCRIPTION AND USE OF DEVICE 


To plot these size-lines one must make the preliminary computations of particle 
falling times through each altitude increment to obtain the displacement for 
various wind velocities. The plotter was designed with these computations built 
in, thereby speeding up the plotting process significantly. 

The plotter consists of two parts, a base for direction or azimuth orientation 
and a wheel for distance or displacement. Since both of its parts are constructed 
of clear plastic, the plotter does not obscure the map over which it is placed. 
The base consists of a wind-rose having a radial line at each 10° interval on the 
compass. The base (fig. 3) has a narrow slot along the 180° line. If a given 
wind direction (in degrees from which the wind is blowing) is selected and its 
radial line oriented to north on the map (parallel to the north-south grids), the 
180° slot becomes oriented in that direction in which a falling particle will be 
displaced. Thus by orienting the base of the plotter as described for any meas- 
ured wind direction, the vector azimuth for the particle can be drawn through 
the slot of the plotter base. 

The wheel (fig. 4) is pivoted at the center of the base. It has 24 equispaced 
radial slots. Bach slot represents an altitude increment of 5,000 feet. Concen- 
tric circles intersect the radial slots to form a scale of wind speed in knots. Since 
the particle falling speed is a function of the atmosphere’s density and viscosity 
and since these factors vary with altitude, the wind speed scales are so weighted 


2A USNRDL report which will describe the detailed techniques of forecasting used at 
Operation Redwing and how the employment of the plotter was adapted to consider time 
variation of the winds is in preparation. 
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and the indicated length of the scale actually represents the horizontal displace- 
ment of the particle through the altitude layer of interest. 

To obtain the distance the particle is displaced along its azimuth, the wheel 
is rotated until the proper altitude layer is alined with the 180° slot in the base 
and a line is plotted on the map. 

It should be remembered that the weighted scales of wind speed fix the map 
scale, which in this case was 1: 970,000 or 1 inch = 13.2 nautical miles. Different 
wind speed wheels have been constructed for several particle sizes; at present 
four wheels have been made.’ 

In plotting a size-line with the fallout plotter (fig. 5) one uses the same tech- 
nique as one does when employing a drafting machine. However, all computa- 
tions of horizontal displaced distance the particle experiences when falling 
through a given altitude layer are eliminated. 

To plot a size-line or a trajectory, the following steps are necessary: 

1. Rotate the wheel until the desired altitude increment coincides with the 
180° slot in the base. 

2. Place the plotter with the zero value of the wind speed scale over the 
given point and orient the base so that the radial line, showing the direction 
from which the wind blows, parallels the north-south grids of the map. 

3. Draw a wind speed vector through the coincident slots. 

4. Continue the process using the tip of the vector just drawn as the next 
point. 

In constructing the prototype plotters certain specialized parameters were 
used in making the computations ; for example, atmospheric density and viscosity 
were computed for a Marshall Island atmosphere, particle parameters were 
typical of coral fallout and special aerodynamic falling speed equations were 
used. Any of these variables as well as altitude increments may be so selected 
that a similar plotter for specialized or more general input data becomes possible. 
Also if one wished to assume a constant falling rate for a given size particle the 
wheel could be eliminated and the single wind speed scale laid out along the 
180-degree slot on the base. 

Figures 6A, 6B, 6C, and 7A, 7B, 7C are reproductions of the component parts 
of the four plotters that have been constructed. These figures can be used to 
construct a set of plotting devices. A reference scale has been added on each 
figure to relate the reduced drawings to their original size wherein the scale 
relationship was 1: 970,000. 

Approved by: 


ooo rw rere @ 


Cn 


. 
' 


EUGENE P. Cooper, 
Associate Scientific Director. 
®These wheels are for irregular-shaped particles of density 2.86 g/ce and having 


diameters of 75, 100, 200, and 3504. A plotter may be adapted for more than one 
particle size by adding parallel scales to each radial slot on the wheel, 
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Fiaure 8.—Plotter base, for determining direction. 


A 
i 
3 
~ 
3 
? 
y 
3 
5 
3 
3 





272 RADIOACTIVE FALLOUT AND ITS EFFECTS ON MAN 





ROTATIONAL AXIS OF 
PLOTTER WHEEL 








ALTITUDE INCREMENT INDICATOR 
,IN THOUSANDS OF FEET 





SLOTTED RADIAL 
LINES -* woe 






ZERO VALUES OF SCALES 
fy OIA HOLES 


Figure 4.—Plotter wheel for determining displacement of 75-z particles. 
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Fiaure 5.—Plotting device being used, 








274 RADIOACTIVE FALLOUT AND ITS EFFECTS ON MAN 





Ficure 6A.—Plotter base for 75- and 100-yz particles. 
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Ficure 6B.—Plotter wheel for 75-y particle. 
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Ficure 6C.—Plotter wheel for 100-y particle. 
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Ficurt 7A.—Plotter base for 200- and 350-yz particles. 





278 RADIOACTIVE FALLOUT AND ITS EFFECTS ON MAN 





' 





Ficure 7B.—Plotter wheel for 200-z particle. 
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Figure 7C.—Plotter wheel for 350-z particle. 
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Naval Radiological Defense Laboratory. 1, Fallout - Course 
USNRDL- TR-127. mapping 
A FALLOUT PLOTTING DEVICE, by E, A, Schuert.] 2. Plotters 
30 Nov. 1956.19 p. illus. I. Schuert, E.A. 
UNCLASSIFIED ll, Title. 


A fallout plotting device was developed, The Ill. NS 081-001, 
method requires no draiting equipment and is 
ideally suited for field use. At Operation REDWING 
it was found that untrained personnel could quickly 
become proficient in its employment. 


UNCLASSIFIED 





A FAL.Lout ForecASTING TECHNIQUE WITH RESULTS OBTAINED AT THE 
ENIWETOK PROVING GROUND [DrarT] 


BE. A. Schuert, USNRDL TR-139, United States Naval Radiological Defense 
Laboratory, San Francisco, Calif. 


ADMINISTBATIVE INFORMATION 


The work described herein is a part of the research sponsored by BuShips and 
the United States Army and locally designated as program 2, problem 8, phase 3, 
Its technical objective is AW-7 and it is described on RDB card NS 081-001. 


SUMMARY 


The problem: A fallout forecasting technique is needed to qualitatively de- 
scribe the fallout hazard resulting from nuclear detonations. This technique 
should have such flexibility that its employment is valid for field use. 

Findings: A summary of the latest experimental and theoretical considerations 
has resulted in the development of a technique whose complexity is dependent 
on the required accuracy of the results desired. This technique has been satis- 
factorily tested at the Eniwetok Proving Grounds for land surface and water 


surface bursts. 
ABSTRACT 


A generalized fallout forecasting technique is presented with detailed compu- 
tations of input parameters for use in the Marshal Islands. 

Results obtained at a recent weapons test are briefly discussed by comparison 
of forecast fallout with preliminary measured data. 


1. INTRODUCTION 


Fallout research continues to seek a theoretical working model that will de- 
scribe in detail the mechanism of fallout. Aside from this long-range problem, 
consideration must be given to making available a working tool that will meet 
the needs of the military for solving fallout problems in the field. Such con- 
sideration requires a simplified rapid system capable of producing qualitative 
if not quantitative results. 

Within a program studying fallout at a recent weapons test operation there 
was a fallout forecasting assignment that had many aspects of the practical 
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field problem yet, at the same time required quantitative results for use in re- 
ducing other data. This program needed positioning data such that three ships 
could be located properly in the fallout to obtain data on its parameters. Also, 
aerial and oceanographic survey projects required knowledge of the fallout to 
instigate their navigational procedures properly. 

To meet these requirements a technique for rapid fallout forecasting was de- 
veloped which not only satisfied the needs of the fallout program but also was 
accurate enough to allow comparison between meteorological aspects of model 
work and results obtained from surface measurements. This technique was re- 
stricted to describing quantitatively the perimeter of the fallout, the axis of 
the “hot line,” and to determining the time of arrival of fallout throughout the 
pattern. No attempt was made to quantitate the expected levels of gamma 
activity or to develop radiation contour lines. 

The task force employed a fallout prediction unit at this operation for deter- 
mining the safe time to detonate the test devices. Many of their techniques for 
forecasting were similar to those described in this report, however, their prob- 
lem was of a different nature than that of the fallout program. Several of their 
methods were unique in that portable analog computers were tested as field 
instruments. These computers permitted consideration of many complex param- 
eters. One, in particular, obtained essentially an instantaneous solution to the 
problem once the meteorology was available. 

The fallout program and the task force prediction unit functioned inde- 
pendently. It was not feasible for the two to employ the same technique be- 
cause the postshot variability of the winds aloft were especially critical in 
ship-location problems in the fallout program. This problem will be discussed 
in detail later. 


1.1 Objective 

This report describes a technique of forecasting fallout employed at a recent 
weapons-test operation. The results obtained in the field are discussed as ex- 
amples of the reliability of the techniques. Although the technique was de- 


signed for analysis ot land surface detonations where the fallout is particulate, 
its application to water surface detonations is considered. 


2. FORECASTING TECHNIQUE 


The forecasting technique uses many ideas from fallout model work. Sev- 
eral simplifications as well as a plotting device have been developed to the end 
that the time involved has been reduced greatly without sacrificing accuracy. 
In general, an initial source of activity is defined describing the “stabilized” 
nuclear cloud by appropriate spatial and size distributions of radioactive par- 
ticles. These particles are tracked to the earth’s surface by considering their 
falling speeds and effects of the winds existing aloft. 


2.1 Basic considerations 


In some cases the input parameters for the forecasting technique were ob- 
tained from weapon-test measurements. In others where data were lacking, 
the parameters were derived from theory. 


2.1.1 Source model 


The optical or visible dimensions of the initial cloud from a nuclear detonation 
have been documented in past weapons tests. Available data describe such 
parameters as height to base of mushroom, height to top of mushroom, and 
mushroom diameter all as functions of time. Vertical rise stabilizes in approxi- 
mately 6 min post detonation. This time is independent of yield, however, the 
expansion of the mushroom diameter particularly fer the megaton devices 
continues for perhaps 30 min. Available diameter measurements have not been 
made in excess of H+10 min, however, fairly reliable data are known for the 
optical cloud dimensions as functions of yield to H+10 min. The ultimate 
cloud diameter ean be extrapolated from low-yield curves and some qualitative 
data. Figures 1 and 2 present values of the cloud dimensions from past tests. 
The source model was assumed cylindrical having, for a given yield, these 
dimensions. Its stem diameter was taken as 10 percent of mushroom diameter, 


93299°—57—pt. 1——-19 
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Ficure 1.—Mushroom diameter as a function of yield. 
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9.12 Activity distribution in source model 


The great part of the activity was assumed to be concentrated in the lower third 
of the mushroom. The lower two-thirds of the stem was ignored; the remainder 
of the stem and upper two-thirds of the cloud were weighted lightly. This 
description (fig. 3) of the activity distribution within the cloud appeared most 
reasonable in the light of available data and logical theoretical considerations. 
The activity was concentrated nearer the axis of symmetry of the cloud thaa 
at its outer edges. 


2.1.8 Particle size distribution in source model 


All particle sizes were assumed at all elevations within the cloud except the 
lower two-thirds of the stem. However, to obtain agreement with past fallout 
measurements and with the optical diameter of the mushroom, it was necessary 
to fractionate the particle size distribution radially within the cloud. Other- 
wise, the computed fallout area about ground zero would be too large. The 
fractionation was specified as follows: particles ef 1,000 microns in diameter 
and larger were restricted to the inner 10 percent of the mushroom radius or 
approximately the stem radius; those from 500 to 1,000 microns in diameter 
were limited to the inner 50 percent of the cloud radius. Since the relation of 
activity to particle size is some function of the particle diameter this fractionation 
tends to concentrate the activity about the axis of symmetry of the cloud. 


2.1.4 Particle falling speeds or settling rates 


Computations of the terminal velocities of the particles were based on aero- 
dynamic considerations for a still atmosphere having temperature and density 
distributions typical of the Marshall Islands atmosphere in the spring months. 

Experimental data from past tests at Eniwetok Atoll indicated that the particles 
were irregular in shape and had a mean density of 2.36 g/cu cm. 

It can be shown that particles falling at their terminal speed experience three 
types ef flow in a fluid: streamline or laminar flow where viscous forces pre- 
dominate, (10-* SR, $2.0); intermediate flow where inertia forces predominate, 
(2<R,500); turbulent flow where inertia forces predominate, (500 <R, $105). 
Below a Reynolds number of 10~ certain corrections must be applied to the 
equations because the particle diameter approaches the mean free path of the 
fluid medium; the region above a Reynelds number of 10° is important only in 
ballistics. These limiting cases will not be discussed here. 

The parameters actively affecting a particle’s falling speed are: its weight, its 
drag coefficient, its density, as well as the fluid density and fluid viscosity. 

Most empirical equations developed in past experimental work have been for 
spheres dropped in various liquids. Some work has been done on irregular shaped 
particles and some done in wind tunnels. The equations! used to determine 
the falling rates for particles in a fluid medium follow. 


For Streamline motion, 10-*<R, 2.0 


rink, (#) @ (2) - 


where V,=terminal velocity in cm/sec 
p=particle density in gms/em* 
p.= uid density in gms/em? 


d=particle diameter in em 
u=absolute viscosity of fluid in poises 
K,=constant incorporating gravity 
= 54.5 for spheres 
= 36.0 for irregular shaped particles. 


The limiting diameter to which Eq. 1 holds is 


,_( 36u 18 
ay 9P.(p— po) 
for spheres and 
a’=( 54.4y3 y” 
GPo(p— po) 


for irregular shaped particles. 





1J. M. Dallavaile, Mircomeritics, Pittman Publishing Corp., 1948, 
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For Intermediate motion, 2.0<R,<50 


0 
Vik: (*)" (4) (2)? 
Po Po . 
where d,=d— td’ 


£=0.4 for spheres 
£=0.279 for irregular shapes 
d'=\limiting diameter to which streamline motion applies 
K,;=30.0 for spheres 
= 19.0 for irregular shapes, 


The limiting diameter to which the Eq. 2 holds is 


a 12 
ar=i35(—"—) 
JPo(p — po) 


d'’=51 ( £ _ 
JPo(p— Po) 
for irregular shapes. 
For Turbulent motion, 500 <R, £105 


Ve=Kr| (*—")a]” _ 


K7=54.6 for spheres 
= 50.0 for irregular particles. 


for spheres 


The question of particle diameter becomes puzzling when the equations are 
applied to irregular shaped particles. Although the equations for irregular shaped 
particles cannot be applied to an individual particle, they are assumed valid in 
establishing the average falling rates of many irregular particles clustered about 
this defined size. 

2.1.5 Marshall Islands atmosphere 


Marshall Islands atmospheric conditions determined the values for the density 
and viscosity parameters used in computing particle falling rates. Available 
data on the temperature, pressure, density, and viscosity as functions of altitude 
for the atmosphere common to the Marshall Island area in the spring months 
follow. 

It was not possible to use a “standard atmosphere” in this problem because 
such use introduced a large error in the particle falling rate at high altitudes, 
This error originates primarily because of the assumed isothermal larcr above 
the tropopause. 


2.1.5.1 Temperature distribution 


From the weather data published by Task Force Weather Central at Operation 
Castle, four published radiosonde runs obtained temperature measurements to 
high altitudes: 

March 1, 1954, 0600 M Bikini 
March 27, 1954, 0600 M Bikini 
April 7, 1954, 0620 M Bikini 
April 26, 1954, 0610 M Bikini 

No data were available above 67,000 feet. Fortunately two of these runs 
penetrated the tropopause which was located at approximately 55,000 feet. To 
extend the measured data beyond 67,000 feet climatological averages * for latitude 
12° North were employed. Agreement with measured data was satisfactory 
except for the range from 50,000 to 65,000 feet where the climatological data 
indicated a well-defined isothermal layer. The most significant finding from the 
measured data was the complete lack of an isothermal layer above the tropopause. 
Instead, a distinct and rapid inversion was observed which when extrapolated as 
a straight line agreed with the climatological data above 70,000 feet. Since the 
atmosphere was to be defined to 120,000 feet further extrapolation was necessary. 
The only temperature data available at these higher altitudes were taken by 
rockets * over White Sands, N. Mex. A plot of 3 points from the rocket data 
justifies to some extent a continued extrapolation of the curve to 120,000 feet. 





3 These equations were taken from reference 1; however, certain constants have been reevaluated. 

* Brunt, David, Physical and Dynamical Meteorology, the University Press, 1941. 

«Chief of Naval Operations, A Study of the Atmosphere Between 30,000 and 100,000 
Feet (preliminary report), September 1948, 
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Therefore the profile of the vertical temperature gradient (fig. 4) was based on 
measured data to 67,000 feet and extrapolated to 120,000 feet on the basis of 
supporting climatogical data and temperature measurements made at high alti- 
tudes with rockets. 


9.1.5.2 Pressure distribution 


Published high altitude measurements of the pressure distribution were 
obtained on two occasions at Operation Castle. These measurements ° were made 
at Bikini on April 7 and 26, 1954, and were not taken above 65,000 feet. Above 
this altitude the pressure was extrapolated as a straight line on semilog paper to 
120,000 feet. Agreement with published rocket data from White Sands, N. Mex., 
was _ to 90,000 feet (fig. 5). 


| Pig. "b Sompereture a0 a Pemtden of Altitude =} S 
aand cae 


Te MPERATURE ‘(penees >. 


ORI 22. eC CABS 





*Hq. T. U.-13 operation memo No. 14, April 30, 1954. 
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2.1.5.3 Density distribution 


The density distribution of the atmosphere (fig. 6) was calculated from the 
perfect gas law using the above pressure and temperature distributions, 


i 
oe RT 


where the gas constant was taken for dry air. This assumption of no moisture in 
the mixture introduces an error of several percent in the lower layers of the 
atmosphere where the relative humidity is high; however, it can be safely neglected. 
As well, the latest theories on the composition of the atmosphere indicate it to be 
constant to altitudes above 150,000 feet which justified the assumption of a non- 
varying gas constant. 
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9.1.5.4. Viscosity distribution 


The variation of absolute viscosity with altitude was computed from the 
observed temperature distribution using Sutherland's formula,® 


wm (ERD 


4 387.17 t; _\" 
u=0.01709 (Fu) (aa) 


where ¢; equals temperature in degrees Kelvin and y is viscosity in centipoises. 
These data are plotted in figure 7. 

The data on pressure, temperature, density, and viscosity in 1,000-foot intervals 
to 120,000 feet are summarized in table 1.7 


TABLE 1.—Table of temperature, pressure, density, and viscoscity of the 
atmosphere over the Marshall Islands during the spring 























Altitude (feet) Temperature| Pressure Density Viscosity 
K (Mb) (g/cm’- 103) (poises- 104) 

BE ainaden otneue pene nad cbhbsobawenaamites ties | 300 1, 006 1.17 1.84 

isis ix Gites arte hich ee hncdis setaie tm talipeatahiiaanbaten 299 980 1.13 1.83 

EEE kibiancan awa beens ocntninapceddemmgm mae 297 950 1.10 1. 825 
CigsG0caccdundnwtabmndnsanokbadinnaaemkemeds 296 930 1.06 1. 815 
cnt nieumacaedhodandamauienun tienes ieee 295 900 1.03 1.810 
 Suudisndsihakans onhenshabiapiondaameninien 293 870 1.0 1. 805 
GG ine cnsctkudabad ohucunumasiiadoumsipmumnae 292 850 .97 1. 795 
ia ois pu uknie cdod akwbeseceraaedsnatee 290 820 .94 1. 786 
sisi nina nigeeme a tinkoma ket Pia pcabagaaaeiaal 289 800 91 1. 780 
EG Lik ad tes dusaind OS daicamladbact cee snpaaceionatele 288 770 88 1.770 
10,000 285 740 86 1. 765 
11,080 284 720 .83 1.775 
12,000 282 690 . 80 1. 745 
13,000 280 660 .73 1. 740 
14,000 278 640 76 1. 730 
15,000 276 620 73 1. 720 
16,000 27 590 71 1.715 
17,000 27% 570 . 69 1. 705 
18,800 271 550 . 67 1. 695 
19,000 269 530 65 1, 686 
20,000 267 500 - 63 1. 675 
21,000 265 480 . 61 1. 665 
22,000 263 460 - 59 1. 655 
23,000 261 440 - 57 1. 645 
24,000 259 420 55 1. 635 
25,000 257 410 53 1. 625 
26,000 255 390 ~ 52 1. 615 
27,000 252 370 . 50 1. 600 
28,000 250 355 40 1. 590 
29,000 248 340 47 1. 580 
30,000 246 320 45 1. 570 
31,000 243 310 43 1. 560 
32,000 241 300 42 1. 545 
33,000 239 280 41 1. 535 
34,900 236 270 39 1. 525 
35,000 234 260 38 1. 510 
36,000 232 245 .37 1. 500 
37,900 230 235 36 1. 499 
38,000 227 225 85 1. 475 
39,000 225 215 33 1. 465 
49,000 223 205 32 1. 450 
41,900 220 195 -3l 1. 440 
42.000 218 185 - 30 1. 430 
43,000 215 175 229 1. 420 
44,000 213 165 -28 1. 405 
45,000 211 160 oad 1. 395 
46,000 209 150 26 1. 380 
47,000 206 145 25 1. 370 
48,000 204 135 24 1. 355 
49,000 201 130 23 1. 345 
50,000 199 125 222 1. 335 
81,000 196 115 21 1. 320 
52,000 104 110 20 1.310 
53,000 193 105 19 1. 295 
54,000 192 100 18 1, 288 





*Smithsonian Physical Tables, 1954. , ; 

' A great deal of excellent upper air data for the Marshall Islands was obtained at Operation Redwing in 
1956. Reduction of these data will result in a much better description of the Marshall Islands atmosphere 
than has been previously available. 
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Taste 1.—Table of temperature, pressure, density, and viscosity of the 
atmosphere over the Marshall Islands during the spring—Continued 






































Altitude (feet) Temperature Pressure Density Viscosity 
Kk (Mb) (g/em?- 103) (poises: 14) 
ea widen deck ctiasaeaennetnauexewenemcas 191 95 ole 1, 275 
| SN sis cs anes dicieaaris Daeeccaacananne es MA lacs ae 191 90 16 1. 275 
CIE ei cs oA pi spenncaccotinnancraneesSohowarwetcichachnhe Robes oe 192 85 155 1. 280 
itis Bice icacinenta ei bakowesdcboaeeeeel 193 80 145 1. 290 
IT san sh bled tne chcctneanlgiet inal mickceadicelbmeibe nina 194 77 14 1. 295 
i ae ag re ee 195 73 135 1. 300 
GRINGO ehe Lanieducaticchtewsnceekunaloventanwanae 197 70 | 2 125 1.310 
oo tS Se a ee Ns ete Be 198 66 e115 1, 320 
GR ik cing ng nshnielsindwaininbsiemascineadaaio 199 63 110 1. 325 
ik Sn cpiactine nn nie ccdenenitenae tome sera 201 60 105 1. 330 
Oe en a ees 202 56 .10 1. 340 
IAs ows detriendicisSlind caaeaiaie ntaadetliaad camiiardvanienaien waasiee 203 53 . 004 1. 345 
a a et ee 205 50 . O88 1. 350 
Ease dene cine Samaasnicnmceadee see ameeninn 205 48 . 083 1. 360 
Ce i cca ee ee eS etek 207 46 .078 1. 365 
PE ventes cn cccacencucseindes aweeeboneceetes 208 43 .073 1. 370 
Pets Sh cnewsanasccnn sup nnnoeses ce aeeeeete 210 4) 070 | 1. 380 
PEM bbl tcckt cetananecactwenctmbbbbadanen 211 39 . 066 1. 385 
Eh niacin dalieh sive tacit dacoegttrtaton re eidaabiinmin atetiaie 213 37 . 062 | 1. 395 
FEMI Ben os bia. ck wcnccanmanowes cciencaaubewene 214 35 058 | 1. 400 
PR es Sov ocnan 5. cancssenskcatacceuruaaeies 215 33 054 | 1. 405 
PE ocdnmuears x ass hearst somo eosin caat ane 217 | 32 052 1.415 
WOM Sot Norsk acetcdeaithds aaah acones cake 218 | 30 049 1, 420 
1, SERIE BIS eee ee Pe 219 | 28 . 046 1. 430 
} PRONG «ces ictal de tees ake aeeos Jee oe | 7 044 | 1. 435 
IIE = bos basket Sida t ie snk oa bk ataaceene 26 042 «| 1. 440 
GEE. Sop c ce cde ickabasasswacndan ccecenoonkaa 24 039 | 1. 450 
GN St tread <cotlacs ate aoa amebaae 23 . 037 | 1, 455 
PN ae, Bares Scans cratteeenctmiag cos i Sealed teat clades 22 004 | 1, 465 
WE oo cccdaic i cotivexaccdcteceliinaketneanede 21 . 032 1. 470 
GRMN sone ccgicklcateaedes A 20 . 030 1, 480 
0 RS ae ae ee es ee 19 . 029 1, 485 
erat ton Oa cadcnsin Cae a eiieaaranceiakaliane 18 027 1, 490 
en ee aan 17 . 026 1. 500 
ee eee 16 . 024 1. 505 
RS ioe Sh en rae er aa re 5 . 023 1. 510 
oo Ga iid patch cade kkk ance ace 14.5 0215 1. 520 
GR Fob ntb dace nbbahauusiergmietengoweunaabeds 14 - 0205 1. 525 
DI sat iktcd ica nend cuidaeee soda cane 13 019 1, 535 
teins cb chdncandnibaieunuastenee 12.5 018 1. 540 
NE hc. snk dosti nbeunakh homie accnekataa 12 O17 1, 550 
RR a8 oot bccinn tic nambatactlndee aboot ll - 016 1. 555 
Ro eee 10.5 | O15 1. 565 
OY ee ice cord es a ce otk eames 10 | 014 1. 570 
Nd oi Re eS ee 9.5 . 0135 1. 575 
ES ay Se ee 9 . 0130 1, 585 
RN oe Nee ee eee 8.5 - 0102 1. 590 
, | Re ae IS ree eae a ee eee ss? 8 | - 01015 1. 600 
IN Sort aks Santis cauatuebekonianiaknel 7.6 - 0105 1. 605 
MS Fis 2s oe A ke ee 7.4 | -010 1. 610 
I Ee ois 3t Oat co ask Pdtda cs eee 7.0 | - 0095 1. 620 
Ne a5 Re ard oe ee 6.6 . 0090 1. 625 
Sn date Race cin si cetoenentieseeen 6.2 | . 0085 1. 635 
on ocd ec onees dlbaene Now anesneae 6.0 | - 0080 1. 640 
SE So ccvidcthdsdddacondeungceeenewe nnd 5.6 | . 0075 1. 650 
TON once e es nce eee wes 5.4 | . 0070 1. 655 
SENS oo de chacu dG asa nance ecasnnsboniae 5.1 | . 0068 1. 660 
SR iid accertenindtemnonesctnmbeséunannabnnmnl 4.9 | . 0064 1. 670 
ee ne eee 4.6 | . 0060 1. 675 
NE hao on carbs dosnuadeinc clecsdennhaaan 4.4 . 0056 1. 685 
FED ccicysntnduquabewndéccatgaisn eneaweatonben 4.2 . 0054 1. 690 
IE vi cncarondcchcnvispenetgubeawusounasnben 3.9 . 0050 1. 700 
SRN 3 i baiciieiégcntenotccacnbantmaaadeadanben 3.7 . 0048 1. 705 
ND a a iba tv Sito incon bcatsiihccocodkih veinres i entices 3.6 . 0044 1.710 
WE oo coietse tlccinneces ra neheeaeene 3.4 . 0042 1,720 
NDS rcscacesctientcdnteeds seinen 3.2 . 0040 1.725 





2.1.5.5 Terminal velocity computations 


The average falling speed through 5,000-foot layers was computed for 4 particle 
sizes over an altitude range from 0 to 120,000 feet. In these computations all 
in-flight transition of the particles from streamline to intermediate flow had 
to be considered through use of the plot shown in figure 8. 
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Four particle sizes (75 p, 100 uw, 200 pn, and 350 mw diameter) were employed 
since there was evidence from past tests that the 75 » particle defined the limiting 
distance of fallout of interest and the larger sizes best described the pattern 
wihin this limit. Table 2 presents the falling speeds computed for the 4 sizes. 
Tables 3, 4, 5, and 6 display the cumulative time of fall from a given altitude 
for these particle diameters. 
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TABLE 2.—Falling speeds as a function of altitude 
[Falling speeds (foot-hour)] 





























Altitude 75 100 200 850 Altitude 75 100 200 850 

On icctinaiamciiinies 8, 5,040 | 11,700 | 21,600 || 65..............- 4,190 | 7,480 | 26,100 | 51,100 
6 .cseeeseenees 8,120 | 5,240 | 12,300 | 22,900 || 70..............- 4,110 | 7,320 | 27,600 | 65, 200 
IO cisnandimtonses 8,200 | 5,480 | 12,900 | 24,100 || 75............... 4,010 | 7,150 | 28,100} 659,700 
1B: icccvdeoees 8,270 | 5,750 | 13,700 | 25,500 || 80.........-..-.. 8,910 | 6,960 | 27,800 | 61,900 
D0: cc cenienensans 3,360 | 5,980 | 14,400 | 27,100 || 85............... , 6,770 | 27,100 | 67,800 
Dh i6 i nccndaseacbe 3,470 | 6,160 | 15,300 | 28,800 |} 90..............- 8,720 | 6,640 | 26,500 | 71,300 
Wiicccnaniaskans 3,570 | 6,380 | 16,300 | 30,800 |} 95_.............. 3, 6 6, 470 | 25,800 | 77,300 
Wiictinarasisteniwnininws 3,720 | 6,640 | 17,500 | 33,000 |} 100_.........-... 3, § 6, 340 | 25,300 | 80, 200 
WD isdciincnunaas 3, 87 6,910 | 18,600 | 35,300 }) 105.............. 3, 47 6,180 | 24,800 | 75,800 
Wi acinnavninanmadia 4, 7,200 | 19,800 | 37,800 || 110.............. 3, 6,050 | 24,000 | 74, 200 
Geib iaecrtesiasnere 4,210 | 7,520 | 21,400 | 40,600 || 115.............. 3,330 | 5,930 | 23,700 | 72,600 
SOicasansuniannin 4,4 7, 860 y 200 | 4,600 |} 120.............. 8,260 | 5,800 | 23,400 | 71,100 
Diviticadauasese 4,200 | 7,700 | 24,400 | 47, 200 





TABLE 3.—Cumulative time of fall for the 75-u particles 


(Cumulative time of fall (hours)] 





Starting 120 to | 115 to | 110 to| 105to| 100 to| 95to | 90to | 85to | 80to | 75to |] to! 65to 
— 115 110 105 100 95 90 85 80 75 70 65 60 
eet 107 


_——— | | | | | | | | | 


120 to 115..... DO iitieken wanccen] seduniclniennans sbdeave ioneasnalcncdébs peoncastnnmioenpaubocss[asamcet 
115 to 110..... AE Ey) Be fccacostewencae binanseel acdcusbvendian lasuadhl baum host pedponeiane—anseniel 
110 to 105....- OOF RO6 1 AEF Lsncteds lecienes nueincned enascnulesatsodieccadspedandns femaceeboeudse 
105 to 100....- BE OO Bee ee i rica bes ncaa icndisen |conmcdc lucnundnhadaniethionsdanlesshcine 
100 to 95.....- Seat) CaO E SD SEE Oe Toduccatinnmikdad saakdua beatkcanieionane laenaccctwacpen 
0600: 90. 5.202 ROE h: F501 BRE Bee Bro b, Be Oe Unediens accccdslcasnawapicsntinleccodaslbsoceuts 
90 to 85...-... SF's BSht. RO) Bae SE ee ee ire bic acnn encndns cacccdsioosesen 
85 to 80....... 1.) 8) OD) Cl BS) Sl Bl LD (.......1.......) 2 .2ccfeccescs 
OB AG Soi nacnaa 12.52 | 11.00} 951] 806] 664) 625) 380) 256) 1,26 j.......}.......]....... 
75 to 70.......- 13.75 | 12.23 | 10.74] 9.29) 7.87] 648) 6812] 3.79] 2.49) 1.23 j...----}...20.. 
70 to 66........ 14.95 | 13.43 | 11.94] 10.49] 9.07] 7.68) 6.32) 4.99] 3.69) 2.43] 1.20 |....... 
65 to 60. ...... 16.14 | 14.62 | 13.13 | 11.68 | 10.26] 8.87) 7.51] 618] 4.88] 3.62} 2.39 1.19 
0046.36... .2200- 17.30 | 15.78 | 14.29 | 12.84 | 11.42 | 10.03 | 8.67] 7.34] 6.04] 478) 3.55 2.35 
55 to 50_...-.- 18.46 | 16.94 | 15.45 | 14.00 | 12.58 | 11.19] 9.83) 850] 7.20] 5.94) 471 3. 51 
50 to 45......- 19. 67 | 18.15 | 16.66 | 15.21 | 13.79 | 12.40 | 11.04] 9.71] 841] 7.15] 5.92 4.72 
45 to 40......- 20.93 | 19.41 | 17.92 | 16.47 | 15.05 | 13.66 | 12.30 | 10.97 | 9.67] 8.41] 7.18 5.98 
40 to 35......- 22.25 | 20.73 | 19.24 | 17.79 | 16.37 | 14.98 | 13.62 | 12.29 | 10.99 | 9.73) 8.50 7.30 
35 to 30....-.- 23.62 | 22.10 | 20.61 | 19.16 | 17.74 | 16.35 | 14.99 | 13.66 | 12.36 | 11.10 | 9.87 8. 47 
30 to 25......- 25.04 | 23.52 | 22.03 | 20.58 | 19.16 | 17.77 | 16.41 | 15.08 | 13.78 | 12.52 | 11.29] 10.09 
2636 Wii ccccas 26.50 | 24.98 | 23.49 | 22.04 | 20.62 | 19.23 | 17.87 | 16.54 | 15.24 | 13.98 | 12.75 | 11.55 
20:20 36. ...... 28.01 | 26.49 | 25.00 | 23.55 | 22.13 | 20.74 | 19.38 | 18.05 | 16.75 | 15.49 | 14.26 | 13.06 
IG RO Bai ccasnn 29.55 | 28.03 | 26.54 | 25.09 | 23.67 | 22.28 | 20.92 | 19.59 | 18.29 | 17.03 | 15.80] 14.60 
WB. cecnnse 31.13 | 29.61 | 28.12 | 26.67 | 25.25 | 23.86 | 22.50 | 21.17 | 19.87 | 18.61 | 17.38 | 16.18 
§ BPG. cecinces 32.75 | 31.23 | 29.74 | 28.29 | 26.87 | 25.48 | 24.12 | 22.79 | 21.49 | 20.23 | 19.00} 17.80 


Starting | | | | 


—s 60 to 55/55 to 50'50 to 45/45 to 40 40 to 35/35 to 30 30 to 25 25 to 20,20 to 15.15 to 10, 10 to 5| 5 to 0 
eet 10 


eS | Le 


120 to 115 
115 to 110 
110 to 105 





1 
50 to 45....... SBR) BSt6k (Bile Deecpetbenstcdalndaenes basins lasasions eeGned jaasaste lapantnelvannces 
45 to #)....... STE, Ce y Meee | Sree ledcaes: tncsaseletakena|sbneseslcscasks|sanawasposeouseansekek 
40 to 35....-.- See ee ee ee ee evens tee eee eee, 
35 to 30......- SM ORS ft BIO i Be RPG | Si icc Bccetens [ceesni fu ccosnnInacctechscunsae 
30 to 25......- 5 Ree Fe ae ae fe ee ee eee eee ee 
25 to 20....... 10.36} OD] S204) GSBi &57} 226) 288) 1.4 j......-}.......}-...2..].. cece 
Bt 1D ccsce.. 11.87 | 10.71 | 9.55] S834) 7.08] 6.76] 430] 297) 1.51 }.......|.......]....... 
36 bo 20.255... 13.41 | 12.25 | 11.09 | 9.88] 862] 7.30] 5.93] 461] 3.05) 1.54 |.......]...-.. © 
BORO Socdacis 14.99 | 13.83 | 12.67 | 11.46 | 10.20 | 888] 7.51] 6.09) 463] 3.12) 1.58 |....-.. 
CW Giicincons 16.61 | 15.45 | 14.29 | 13.08 | 11.82 | 10.52} 013] 7.71) 625 | 474) 3.20 1. 62 


ee 
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Tasie 4.—Cumulative time of fall for the 100-p particles 


(Cumulative time of fall (hour)] 





























we ) me 
Starting 120 to | 115to | 110 to | 105 to | 100 to; 95to | SOto | 85to 80 to | 75to | 70to | 65to 
elevation 115 110 105 | 100 95 90 85 80 75 70 65 60 
feet 10-3 
| 
120 to 115_..-.- OP acess 
115 to 110__--- 1. 68 | 
110 to 105...-- 2. 0 
105 to 100. ---- | 3.30 
100 to 95. ....- | 
S560 DU. wncssx } . 0 | 
9 to 85. ....-- 5. | 1. 50 0. 74 
85 to 8). ....-- 6. 30 | 2. 23 47 ; 
90 to 75..-.-- | 7.02 | 2.04] 218| 1.44] 0.71 |. teckt ae 
$0 70......- 7.71 3.63 | 2.87] 213] 1.40] 0.60 |......) 
7 te 65. .....- 8. 38 4. 30 | 3. 54 2 2. 07 Lae. (CC te 
63 to @......- 9. 04 4.96 | 4.20] 3.46 2.73] 2.02] 1.33] 0.66 
60 to 55....-. 9.68 oo 4.84 | 4.10] 3.37] 2.66] 1.97 1.30 
55 to 50....-. 10. 33 6.25 | 5.49 4.75 | 4.02] 3.31 2. 62 1.95 
50 to 45...-.-- 1.01 | 10.16 6. 23 6.17 | 5.43 | 4.70 3. 99 3. 30 2. 63 
45 to 40_._.-- 11.72 | 10.87 7. 64 6.88 | 6.14) 5.41 4. 70 | 4.01 3. 34 
40 to 35...--- 12.46 | 1.6 838] 7.62] 688] 615| 544| 475| 4.08 
a 13. 24 | 12.29 9.16} 8. 19 | 7. 66 | 6.93 | 6.22] 5.53 4.86 
$9 to 25.......| 14.' 13 9. 95 9.19 8.45 | 7.72 7.01 6. 32 5. 65 
95 to 20...--- 14.8 10.77 | 10.01 9.27 | 8.54 7.83 | 7.14 6. 47 
to 16. ..... 15. 70 | 11.62 | 10.86 | 10.12] 9.39 8.68 7.99 7.32 
15 00 10. «acs 16.59 | 1 12.51 | 11.75 | 11.01 | 10.28 | 9.57] 8.88 8. 21 
tes:...<<- 17. 52 13.44 | 12.68 | 11.94 | 11.21 | 10.50] 9.81] 9.14 
O00 Csncce 18. 49 14.41 | 13.65 | 12.91 | 12.18 | 11.47 | 10.78 | 10.11 
| | | 
— = — — — — — — ———_} 
Starting { 
elevation 60 to 55 55 to 50 5@ to 45 45 to 40 40 to 35 35 to 30 30 to 25 25 to 20 20 to 15 15to 10 10to5| 5tod 
feet 10-8 | | | 
oa | | | 
Re BE. ain bccenwks lecedacectoawn’ | 
115 te 110_.-- salah aa pal a 7 
Ge OG. csedlccsens sha ga A oa one 
DD SO 200 ddwclcksaessletsewe leceuwe 
100 to 05... caihccbews Laaides 
95 to YO__.. inde 5 ati ar cecal 
90 to 85__.- bi adalad cee Dittteere 
Rs oa ahd og toa Cetera Nake eee 
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TABLE 5.—Cumulative time of fall for 200-p particles 


{Cumulative time of fall (hour) } 
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TABLE 6.—Cumulative time of fall for 350-p particles 


[Cumulative time of fall (hours)] 
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2.1.5.6 Meteerological procedures 


It is necessary to have available the best possible description of the winds 
aloft to determine the arrival points of particles of various sizes originating at 
various altitudes. Such data are usually available from the normal upper air 
soundings routinely taken by Weather Bureau and military meteorological 
stations. Although wind velocity as a function of height varies continuously, it 
can be described by an average speed and direction in discrete layers. Such 
averaging can best be obtained from the WBAN-20 form where the original 
data are recorded. The technique employed in this report was to divide the 
atmosphere into layers 5,000 feet thick and determine an average speed and 
direction for each layer. When the average falling speed of particles through 
these 5,000-foot layers and the speed and direction of the wind are known, 
horizontal displacement can be computed. Thus for each particle size a vector 
may be drawn for the average particle displacement in a particular 5,000-foot 
layer. Addition of such vectors from all layers describes the trajectory pro- 
jection of a particle ef given size. Similar plotting for all particle sizes origi- 
nating at ull elevations within the cloud source will map the fallout on the 
earth’s surface. 

This technique is valid for any atmosphere that has negligible vertical mo- 
tion and is in a steady state condition with respect to the horizonta' winds 
during the time needed for the slowest particle to fall from the highest alti- 
tude to the ground. Such an assumption is not realistic for situations arising 
from many of the megaton devices because 15 to 20 hours are necessary to 
establish the fallout area. Consequently, when computing particle trajectories, 
an attempt should be :aade to consider how the wind varies with time, how it 
varies with distance from ground zero, what effect vertical motions have on 
particle faliing speeds, and how they vary with space and time. Such con- 
siderations complicate computation of trajectories extremely. In most cases 
valid input data describing these variables are not available. This phase of the 
problem is discussed below. 


2.2 Plotting technique 


The use of “particle size” and “height” .ines in mapping fallout is a standard 
technique employed by most analytical methods. This technique simply de- 
scribes a grid (fig. 9) on the earth’s surface indicating where fallout particles 
of certain sizes will arrive and from what altitude they caine. These param- 
eters are the basic data for describing the fallout pattern, 
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Fietre 9.—Basic Fallou’ Plot Showing Grid of Size Lines and Height Lines. 


Assuming steady state meteorological conditions without vertical motion or 
space variation of the winds, it is very easy to construct a grid describing 
arrival points on the earth's surface for particles of various sizes originating 
at different altitudes. This grid is constructed by ignoring the horizontal dis- 
tribution of particles in the cloud model and by plotting those trajectories that 
originate along the line source describing the vertical axis of the cloud. 
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Figure 10.—Comparison of plotting techniques either by use of trajectories or 
by use of a size line. 


Plotting trajectories for each particle size at every starting elevation is the 
first step in determining the resultant fallout pattern; however, the drafting 
involved is tedious and time consuming. This effort can be reduced greatly by 
plotting from the ground up, as is done in the construction of a wind hodograph. 
Such a plot is made by starting at ground zero and working up through the 
altitude increments to the desired elevation. Although this technique does not 
plot the trajectory ef the particle, it does define the arrival points on the 
surface of the earth of particles starting at each altitude increment (Fig. 10). 
To plot these size lines one must make the preliminary computations of particle 
falling times through each altitude increment to obtain the displacement for 
various wind velocities as described earlier in section 2.1.5.5. 
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Ficure 11.—Fallout plotting device. 


A plotting device (fig. 11) has been described elsewhere * which facilitates 
the computations required for the size lines of the fallout pattern. Such devices 
were constructed for 4 particle sizes: 75, 100, 200, and 350 uw in diameter. With 
these plotters trajectories or size lines can be plotted from any elevation to 
120,000 feet for the 4 particle sizes. The plotters automatically account for 
the variable particle falling speed. They also eliminate the need for drafting 
equipment. After establishing the particle arrival points by either the use of 
size lines or trajectories, height lines can be constructed. These lines joining 
surface zero with the arrival points of all particles from the same elevation are 
most descriptive for they define the path along which all particle sizes will 
deposit from that originating altitude. 

The height lines describing the fallout from the lower portion of the mush- 
room immediately establish the “hot line.” The “hot line” is best defined as 
that portion of the fallout area wherein the highest levels of activity are found 
relative to the adjacent areas. Under most meteorological conditions this area is 
described by a line from surface zero that coincides with the height lines from 
the altitude layers that include the base of the mushroom; for the source model 
was so defined to concentrate the activity in this volume. 

Since the plotted grid of size lines and height lines was based on a line source 
of activity each particle point must be expanded to the appropriate cloud or 
stem diameter from which it originated. This expansion, after taking into 
consideration the radial particle size fractionation in the source model, defines 
the perimeter of the area. One then has a map indicating the fallout area 
and the path of expected highest activity. 

Curves of time of arrival of fallout through the pattern are established by 
simply assigning the appropriate value of falling time to each expanded circle 
about the arrival points and by constructing from this network of values isotime 
contours that indicate the earliest time at which fallout will arrive at a given 
distance from the shot point. The determination of the time of cessation of 
fallout at any location may be plotted similarly, however, one is faced with the 





8K. A. Schuert, A Fallout Plotting Device, USNRDL Technical Rept. 127, February 1957, 
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question of how to define cessation. Very small particles that do not contribute 
significantly to the radiation field continue to arrive for days after time zero. 
Consequently, a plot which describes time to peak activity seems more mean- 
ingful. During the field operation time to peak activity was defined as the time 
of arrival of fallout particles originating in the lower third of the mushroom. 

This method determines the fallout plot under conditions that de not involve 
several important meteorological variables. It is most valid for a fallout of 
short duration and over a relatively small area, for example, a 1-kiloton 
surface detonation. Megator devices and large kiloton yields deposit primary 
fallout over long periods and to great distances. To map such extensive deposi- 
tion of fallout necessitates inclusion of complex meteorological variables and 
consideration of the fact that clouds from these large detonations extend to 
great heights in the atmosphere. 


2.2.1 Time variation of the winds aloft 


In most of the observatiens made at the Fniwetok Proving Ground, the winds 
aloft were not in a steady state. Significant changes in the winds aloft were 
observed in as short a period as 3 hours. This variability was probably due to 
the fact that proper firing conditions which required winds that would deposit 
the fallout north of the proving ground, occurred only during an unstable synoptic 
situation of rather short duration. It was necessary to correct for this varia- 
tion to keep track of the predicted fallout area, especially at great distances 
from surface zero where as much as 20 hours elapsed before deposition. 

Since this variation could not be forecast, balloon runs were made every 3 
hours from H+0 to H-+24 and each particle trajectory employed the winds as 
they changed with time. The correct particle trajectories were approached by 
a method of successive approximations as follows: Tables 3 through 6 were 
computed for the four particle sizes and gave their cumulative times of fall 
such that starting at any elevation their altitude at any time after H-hour could 
be located. For example, the 75- particle originating at 70,000 feet entered 
the 40,000-foot layer in 7.18 heurs and reached the surface in 19 hours. Since 
new upper air observations were obtained every 3 hours it was assumed that the 
balloon released at H+O represented the winds aloft until H+3 hours and the 
balloon released at H+3 hours represented the winds until H+6 hours and so 
on. Therefore, as the particle settled to earth the appropriate winds aloft 
were applied to it. 

"he first step was to plot size lines for the particles based on the H+O hour 
winds. This established a fallout plot that assumed the winds would not 
change with time. When the H+3 winds became available a similar plot was 
made based on them. With the aid of tables 3 through 6 the particles starting 
at various elevations were located in altitude at H+3. These H+3 hour points 
are marked at the proper altitude on each size line. The two size lines, H+O 
and H+3 are then overlayed such that the H+3 hour points are conicident and 
the combined size lines determined with the aid of a light table. This is done 
by taking the upper portion of the H+O hour size line and the lower portion of 
the H+3 size line. This first approximation then assumes that the H+3 hour 
winds will remain steady for the remainder of the particles flight. The process 
is repeated using the combined size line and the new size line for the next set 
of wind data until the particle reaches the surface. Therefore for each new 
wind observation a closer approximation of the corrected time variable plot is 
made until ultimately the plot is quantitative. 

2.2.2 Space variation 

The preceding computations assumed that the winds aloft as measured at the 
point of detonation at a given time are the same throughout the area for that 
time. Since the fallout can deposit hundreds of miles from surface zero, ideally, 
ene would like winds-aloft measurements throughout the volume traversed by 
the particles. Correction for space variation of the winds is then necessary, 
however, in most cases not as significant as is time variation. Most weather net- 
works are not refined enough to allow quantitative correction for these errors. 


2.2.3 Vertical motions 


In applying particle falling speeds to the forecasting technique, it is assumed 
that the atmosphere has no vertical velocity. Computations made at the Eni- 
wetok Proving Ground® to 50,000 feet indicated that large cellular vertical 


®Under the direction of Comdr. Daniel F, Rex, Joint Task Force Seven Meteorological 
Center, Pearl Harbor, T. H. 
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motions in the atmosphere sometimes attained speeds equal to and greater than 
the settling speed of a 75-~ particle. A time-space correction should be made 
to the falling speeds of the particles to compensate for this parameter. However, 
in the work at the test site it was not possible to include this effect in the fallout 
forecasts. Certain anomalies discussed below may be due to such an effect and 
postshot analysis is being conducted to see whether they are resolved when the 
yertical motions have been taken into account. 


8. DISCUSSION OF FIELD TEST RESULTS 


The forecasting technique described was employed by the fallout program at 
the KEniwetok Proving Ground to satisfy certain project requirements. One proj- 
ect had three ships equipped to collect fallout and their positions had to be deter- 
mined for most efficient collection; another sampled the ocean for fallout; while 
another made an aerial survey of the contaminated area. The navigational 
schedules for these latter projects were based on the forecast fallout pattern. 
Operations were controlled through the program control center aboard the task 
force command ship where the forecasts were prepared. 

The meteorological data was received from the weather ship at Bikini Atoll 
as well as from weather stations at Rongerik Atoll and Eniwetok Atoll. Fur- 
thermore all forecasts made by the task force weather central at Eniwetok 
Atoll were usually available aboard the command ship by facsimile through the 
ships weather station. 

Upper air measurements were made at Bikini, Rongerik, and Eniwetok Atolls 
every 3 hours starting at H—24 hour and continuing until H+24 hour for any 
given detonation. The frequency of observations was usually increased during 
the period from H—6 to H—2 hours. The altitudes reached on the wind runs 
were remarkably high and gave perhaps the best set of winds-aloft measurements 
to date. The average termination altitude was approximately 90,000 feet with 
many runs over 100,000 feet. Such excellent coverage of the winds aloft was a 
major help in the fallout forecasting. 

Fallout forecasts were made every 3 hours starting at H—24 hour using the 
measured winds available at the time. This process was continued up to shot 
time and from then on the technique of correcting for time variation was em- 
ployed every 3 hours until the fallout event was completed. It was not feasible 
to correct for space variation and vertical motions during this period because of 
lack of time and data, 
$.1 Fallout plots 


The fallout forecasts determined at the weapons-test operation were based 
entirely on measured data and quantitatively considered time variation of the 
wind. No space variation corrections or computed values of vertical motions 
were employed in their construction. 

The area of measured fallout from shot A is compared with the forecast fallout 
plot in figure 12. Figures 13, 14, and 15 are similar comparisons for shots B, 
C,and D. Although C and D were water-surface shots, it is evident that the 
forecasting technique succeeded in representing the measured fallout area as 
well as it did for the land-surface detonations, A and B. 

The comparison is excellent for all shots except B and as yet the discrepancy 
betwen the forecast fallout area and that which was measured is unknown. 
There is some indication that consideration of vertical motions will have to be 
made for shot B during the time of fallout since computed vertical motions were 
significant in magnitude. Such analysis including space variation is being 
arried out at this time for all four detonations and the refined data will be 
published later. 


4. SUMMARY 


The fallout forecasting technique described in this report was successfully 
employed for both land surface and water surface detonations at the Eniwetok 
Proving Ground. With known meterological data such a technique will success- 


fully qualify the area of fallout and indicate qualitatively the relative intensity 
of radiation. 
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Precise determination of the fallout area requires consideration of many com- 
plex meteorological parameters. However from the above analysis a practical 
field tool can be developed that in most cases will satisfactorily define the area 
of interest. 





Mass Activity RELATIONSHIPS DERIVED From FALLOUT MEASUREMENTS 


Since fallout consists mainly of nonradioactive debris from nuclear detona- 
tions, the essential physical and chemical behavior of fallout is determined by 
the nature of the inert debris. For example, fallout from detonations on the 
surface of the ocean will consist of sea water, construction materials of the 
weapon, and radioactive materials, while fallout from a land-surface burst is pro- 
duced from soil and target materials, weapon-construction materials, and radio- 
active elements. In terms of mass, or weight, the relative abundance of the 
radioactive elements is much less than 1 part ina million. Therefore, except for 
their radioactive properties, these elements would be extremely difficult to detect, 

Accordingly, all major physical and chemical processes which deal with fallout 
require information on the relation of activity with the other bulk material, 
The simplest of these relationships is the ratio of activity to the gross mass or 
its inverse. A more complicated one would be the relation of activity to particle 
size. 

In the fallout area, activity is commonly measured in terms of r/hr, and since 
r/hr is proportional to activity per unit area the equivalent mass quantity is, 
therefore, weight of fallout per unit area. For convenience in other computa- 
tions, the relation of interest is defined as a ratio of mass per unit area to r/hr 
at a given time after burst; thus it is called the mass contour ratio and is given 
the symbol M-e(t), since its value depends on the time after burst (due to decay). 
The generalized scaling equation for the mass contour ratio is 

_K ™(n-1) 
Oe. (1) 
bR(i)[arp(t) +ar(t)] 
in which 

1. W is the total yield of the weapon. 

2. arp(t) is the activity of the fission products in d/m per unit area for 
10° fissions at time, t. 

3. ar(t) is the sum of the induced activities in d/m per unit area for 10° 
fissions at time, t. 

4. R(t) is the ratio of r/hr to d/m per unit area at time, t. If the ratio 
is computed for an ideal infinite plane, then R(t)=uRo(t) in which 
R.(t) is the computed ratio and u is a factor which accounts for the effect 
of the terrain on the radiation intensity ; knowledge of the photon spectra 
of the FP + induced activities at time, t, are required to make a reliable 
calculation of Ro(t). 

5. bis the ratio of fission to total yield. 

6. bW is then the fission yield (W~' is in the numerator). 

7. K is a conversion factor relating the choice of units for W (lbs. of 
TNT, KT, MT, etc.) to the number of fissions per unit of fission yield, and 
the units of area and mass desired. 

8. AAW” is the scaling relation for the mass of material removed from 
the crater. The constant AA depends on the height or depth of burst; it 
is usually given as a function of the scaled depth, A, and \ is defined as the 
depth or height of the burst in feet divided by the cube root of the yield 
in equivalent lbs. of TNT. 

9. f is the fraction of the total mass of material which is thrown out of 
the crater and gets mixed with the radioactive elements. 

The equation constants have been evaluated from available data. The de- 
pendence of AX on \ is usually given in graphical form; the results of its use 
with available data is satisfactory within the limits of error of the data. The 
mass contour ratio, defined by Eq. 1, is a major parameter in evaluating decon- 
tamination results for fallout from detonations near land and harbors; it is also 
used to convert results from one condition of burst to another. 

For high yield detonations, the relation holds, within a given error, up to within 
the heavy blast damage region; for smaller yields, and under ground bursts 
where large crater lips are formed and much inactive soil and debris are thrown 
randomly about, no given relation holds, 


—————— 


om- 
‘ical 
rea 


ona- 
1 by 

the 

the 
pro- 
1dio- 

the 
t for 
tect, 
lout 
Trial, 
ss or 
‘ticle 


since 
y is, 
puta- 
r/hr 
riven 
ay). 


(1) 


a for 
rr 10° 


ratio 
vhich 
effect 
ectra 
liable 


bs. of 
|, and 


from 
at: If 
is the 
yield 


ie de- 
ts use 

The 
decon- 
is also 


within 
bursts 
hrown 


i 


93200 © -57 -ot. 1( Face p. 308) No. 








USNR.D.L. SUMMARY OF ENVIRONM 





NO HALF-LIFE DATA RECORDED 


No. I 


p. 308) 


93299 O -57 -pt. 1( Face 





NMENTAL &-y AEROSOL HALF-LIFE AND SPECIFIC ACTIVITY !I950 









RY OF ENVIRONMENTAL &-y AEROSOL HALF-LIFE 


HALF-LIFE DATA REGORDED IN !950 
g 





AND SPECIF 





sawPLe STBTION LocaTes 


CIFIC ACTIVITY 1950 » ROOF IME BLos 506 





.. lf a 6 12 (e204 eee oe oe 6». Ie 18 24 
rt a OCTOBER NOVEMBER DECEMBER a 





93299 O -57 -pt. 1 (Face p. 308) No. 2 





U.S.N.R.D.L. SUMMARY OF ENV 


© 
s | 
> | 
z S 

“12 Rea 
> 10 
eo 
> 
— | / 
< A | 
Oo { EA 
2 a (\\ | | iA 
g10" | /\ | x | f+} 
< jf \ \ itd y 
ss i / iV PA ip at 
2 rd | | 

| \ \y | Wy i | | \ 


Y 
ar: 





=> Saaer 


IN HOURS 


Tk 
he 


| | } t Aen 
\ ' \ 
v\ m 90. fal \ te oe e 
j \f _ \w a A 
es een i \ ‘ V - La LAS ‘ 
6 i2 18 2¢ 6 i2 2 2 iS 24 6 ? “ 


JANUARY. FEBRUARY MARCH APRIL 





NVIRONMENTAL &-y AEROSOL HALF-LIFE AND SPECIFIC ACTIVITY 


5 
| | 
| | | 
: 
4 \ 
oe 
SS eee a 


i 
eemeeneuirtam <aath seet 


FENHOUSE 





4 
A 
i 
| | 
| | | 
ik ae j 
A NK } | | : A 
Ree a Bs N: AG v A A A | \ } \ 
Vy bey ft’ S —~ /S V ee L ai : — d here] Wad ~ SP Rieti en bie SNL. HH ‘ Sm 
: 5. 24 6° 125. 2a 2° 3e-. 24 6 18 24 € 
MAY JUNE JULY AUGUST 


SEPTEMBER 








IMMARY OF ENVIRONMENTAL &-y AEROSOL HALF-LIFE AND SPE 








Eee 


H ! H | 
Ad \ | 
IA is j | | 
A 


i I | 
; \j } 7 ‘ iP A. | } A\ ; \ 
Caan cag 3 Bee td /. Lok fan 
oC iN / WHA si hha NG wa J i AN a ; fai? df ee De ee tle 5 
_ Voor 
‘ ? os 2 : 2 i6 4 


4 6 2. 18 ee oe a, oe 4 6 


9° 


APRIL , MAY JUNE JULY AUGUS 





PECIFIC ACTIVITY I95l On ROOF OF @LO8 


: ee 
cece A —_ 
a 
+ 
_ 
- 
a 
~ 


‘ i 
4 } | 
a. % ‘ } i ' 
| . ‘ \ ' ‘ 
bd 1 | 

j i 


cevtithitiidibeaTiaaminias iNbeuisipleoatencheniel See inna 
tc. SUS TER——> : <—JANGLE —> | 


i 
i 
j 
a 
cia 
pa 
poe Mu 
{/ \ a \ 4 \ rp 
eee ware taal Se — ~~ 7 v | 


SEPTEMBER 


= 
as 
5 
i 
—— a 





93299 © -57 -pt. 1 ( Face p. 308) No. 3 








U.S.N.R.D.L. SUMMARY OF ENV 


oe 
© 


VED ACTIVITY IN 


5 


. SS 


= io” 


Th 


~~ 
6 i2 18 c4 € i2 Ts) 24 


JANUARY FEBRUARY MARCH APRI| 





NVIRONMENTAL 8-y AEROSOL HALF-LIFE AND SPECIFIC ACTIVITY 





aca 


N 
i oe 
j i j 
\ » i \ j 4 ‘ A . 
' + ¥ i) f ne ' j ys \ i™ 
i y \ f V va YV \ 7 “\ ( \ 
VW 3 ap \ gt Fr \ WA, es 4 a re zn Lele ena A \ a fiom 
¢ 3 24 8 24 6 12 2a € i2 is. . 24 6 8 

MAY JUNE JULY AUGUST: SEPTEMBER 


| 
. 








OF ENVIRONMENTAL B-y AEROSOL HALF-LIFE AND SPECIFIC AC’ 





a CC 


DA ies “a See 


18 24 é i2 16 


| “LAY r A ie i 
] | Y \ \ “A, ri . ” 
ony ~/ VT Vv w/e | a 
° 2 IZ ¢ ; i ?4 1% 


- 


APRI! MAY JUNE JULY AUGUST: 





ACTIVITY 1952 erin oo 





ct Ack © cin 


SEPTEMBER OBER LOVEMBER DECEMBER 








p. 308) No, 4 


93299 O -57 -pt.1 (Face 


IN pec/cc 


TIVITY 


C 


a 
be 


O 
ui 
> 
ond 
' 
C5 
_ 
oO 








U.S.N.R.D.L. SUMMARY OF ENV 


Oo 
i 
r~ 
— 


j 
4 ee en ee 


ee ee eee 





AND SPECIFIC ACTIVITY 


NVIRONMENTAL 8-y AEROSOL HALF-LIFE 


A 
| | L | i 
| \\ | 
| iil 
| A = NY 
| ‘ -: A | ae Lag 
\ Po if \ E : 
/\ | A, |} - l \ 
- \) V iy \/ Cea 
Mo Ae \ IN | | 
} V ry 
pe Hi? 
‘ | ! i 
de | 
} | 4 
! 4 ’ i 
ls 
T—-KNOTHOLE ——--—-_----- 
\ 
ius 
\ 
‘ 
yt 2s 
A AG \ 
A } 
. a 
’ ' . 
UST SEPTE 











‘ / | 3 
/\ | WAN MEE HS 
\ | J \ ¥ LY \ rN 
’ \ \J } 
i Y y / 
/ ; 


6 nh hth, ae AR Ae, eegicanl eT: ita NL BT tt. 0 ee GN EET A ie NN aati NtiNt a et ible. belie: AR tc thd ey Ae 0 


i  ——————— 





BMMARY OF ENVIRONMENTAL 8-7 AEROSOL HALF-LIFE AND SPECIF 


i 
_ 
» A A 
V ~\ /\ 
/ Et 
, | 
1) 4) ' 
i 
J 
ae ' 
} } i 
a sell ! 
YJ } ! 
y } t 
i} aa 
rr } ’ 
14 
}/ 
|! 





SAMPLE STATION LOCATED ae, 


CIFIC ACTIVITY 1953 = ho 








U.S.N.R.D.L. SUMMARY OF ENVI 





Pa a 


ae 
/ 
, 
\ 
; 
6 
? 
ZA 
-, * 
< ~ 
’ 
4 
T 
a 
® 
O 
Ww 
f 
i 


S “ON (80¢ “d a0Rq) 1 “3d- 2¢- O G6zE6 


MARCH 


rr, ms A foe 
FEBRUARY 


JANUARY 





YVIRONMENTAL #&-y AEROSOL HALF-LIFE AND SPECIFIC ACTIVITY 


\ A 7 f 
1 | (Paseo 
\ ; Lee s 
| \ h \ \ y F 
. } ‘ } i 
} \ | \ / Lt | 
ay) me? aR eee +==3 PA Ea 
t i 7 j \ oe | 
4 j ; \ f.— 
\ ay yh 
j / } a. 
| Ry a 
vd hoy | Lf sy 
re | 
. L | iS | 
hs | | Bet fe oe) 
— tis a i | PRE 8 nw AD ne ole an beclasiislcinreempmmichisaiin Acinic ai ee RE 
enailineeiiiaaiadllies andi —— 
i 
f 
; 
Sa f " 








iS a 





RY OF ENVIRONMENTAL @-y AEROSOL HALF-LIFE AND SPECIFIC . 


sntninlahidhseaialRintie 








Shae STATON LOCATE 
oF BLUe 38] 


ON RO 


C ACTIVITY 1954 


Eat Chu A 











U.S.N.R.D.L. SUMMARY OF ENVIR 


1 
"< 
\ 
| \ 
\ 
| ' 
Ee St 
MOVE TO Bul 
< 


secon” 


A 

i) 

‘2 

| 
| | ! 
ae 

| | | 

Bes ae. 

i | | | 

——______________ TEAPoT — 





i 





eee ences, Se 
|. 
5 ped 
ame 
Se 
iii 

. © 
'o ‘o ‘ 


29/97 Ni ALIAILOY G3AIN-9NOT 4-¢ 


i8 on 


JANUARY 


12 


9 “ON (80¢ “d 208g) 1 "3G~- LS- O 66zE6 


MARCH APRIL 


FEBRUARY 





VIRONMENTAL &-y AEROSOL HALF-LIFE AND SPECIFIC ACTIVITY | 


} 
j i 
j 
| 1 A 
/ —— ‘ } 
} A ay y A A x 
4 \ ; ‘ 
’ | aed j _ 
j /\ 
} ; | \ j [ ' i ‘ 
| ? ’ A eee ~— ’ ¥ ' i : 
| ae a} - ; 
LT Y i | one hE ; 
; | i i \ j 
; YI y ' } } V 
1 | } | 
i if | | } : 2 
| | y 
| | 
} | 








NT SECURED FOR 
BUILDING 8615 


I<—-wic wam—> 





EE EEE :~OS'’S 
OSOL HALF-LIFE AND SPECI 


. New 7 iL LL 


UMMARY OF ENVIRONMENTAL e-, acer 





EQUIPMENT SECURED FoR 
MOVE TO BUILDING #815 
a _1-—wicwam—~ 
{ 
A= i 
{ | L | 
rf | : | 
t | i \-F-] 
| ; ee | j | 
a +i 
| a4] pa fe | : 
\ J “\ } ‘ eS r S. 
; | pI 4 V ep EA \/ 
r \j ar \ 
¥ \ { / eo L Y _s J e 
5 + é 


> 
oo 
c.. 
. 
a 
m 


APRIL MAY 





S « 


ey 


6.0@ 351-616 


SAMPLE STATION LOCATED 


OWN ROGF OF 


I955 


IVITY 


or 
> oe 


( 


ECIFIC A 


er 
ee. 
min ng 
ge esas 
es 
it ae 
ds 
ual 
2 
—- ND 





' 
; 
} 
1 
oq ; 
i i 
Ce Oe Ker mt se Oe ni le rt be 


LLL LLCO LEE ATE EC EE te Rt soduaeses 





NOVEMBER 





\ 


\y 


yp 


| 


| 
1 
| 


1 
| 


o ‘ 
a 
/ . 


U.S.N.R.D.L. SUMMARY OF ENVIR 
\ | 





ae 


oom 


hg 





SHYNOH Ni. %L 


L “ON (go¢ “4 e0egZ) 1 “34- LG - O 66766 


Seiichi . = 


24 


@ 


> 
x 
< 
— 
x 
@ 
wad 
aw 


12 


ie 24. 


= = 


APRIL 


MARCH 








VIRONMENTAL &-7y AEROSOL HALF-LIFE AND SPECIFIC ACTIVITY | 


= ; : : ———>— 











REDWING 


JULY AUGUST SEPTEMBER 








_—— 


MARY OF ENVI 


RON 


ee 


ewe + 


etl 
: 








pony 
i ' ro 
/ ; wt, 
[ Pop 4 
: 56 Re i 
2 
1 \/ 
coseee y 1] 
/ 
’ 
& 
APRIL 





REDWING 








cr 


a fT 
j Y \ | 


f, 


! 


5 


AUGUST 





FIC ACTIVITY 1956 


pot 
| 
ee 


SEPTEMBER 


\ 


e 


OCTOBER 


—_7 7 4 - 7 
- 4 





a 


SAMPLE STATION LOCATED ‘+3 


Ow ROOF OF o.o6. gig 


aogier sinh 


ae 


| Saad 
4 
\ felt fen ee 
| e 


aa 


a 


NOV EMBER 





DECEMBER 








«© 
Zz 
~ 
° 


93299 O -57 -pt. 1 ( Face 





U.S.N.R.D.L. SUMMARY OF ENVIRO 


pe ee 
—_ 


IN pc/ec 


TIVITY 


c 
WY 





LONG-LIVED A 


oe 


B 





IN HOURS 


T 





me 6 am°)6|6lUlUS Cte Ge é° ae. 0 6 12 18 24 | 
JANUARY FEBRUARY MARCH APRIL 





IRONMENTAL #-y AEROSOL HALF-LIFE AND SPECIFIC ACTIVITY IS 


' 


ad — 

—} ole 
- -~ , ——_ _ 

“e~ 4 — ae 
ed ————e ee 
ae , 


6 i2 89 4 6°10 6 24 +26. eer ee € 12 1896 see if) (ie) 2a 
MAY JUNE JULY AUGUST SEPTEMBER 








ARY OF ENVIRONMENTAL B-y AEROSOL HALF-LIFE AND SPECIFIC 





APRIL MAY JUNE JULY AUGUST 





FIC ACTIVITY 1957 si 


4 ' 
z ; ; . Se lee icine Oe a rp archppenns ‘ 
a < oe af —_-— 7 
; 4 ~- + t - . han 
~ ; t tm ; | 


“4 i 
24 6 2 6 24 6 i¢@ 10 dooce ie 616. 24 ae! 1 oe 


SEPTEMBER OCTOBER NOVEMBER DECEMBER 





— 


ee a a ae 





RADIOACTIVE FALLOUT AND ITS EFFECTS ON MAN 309 


RELATION OF RADIOACTIVE DECAY TO COUNTERMEASURES 


The fundamental concepts of a time-phased countermeasure system are based 
on the fact that the radiation intensity decreases with time. The time-history 
of the radiation intensity at some location in the fallout area starts wher fall- 
out arrives; the intensity increases or “builds up” to a peak sometime during 
fallout and then decreases when the decay rate is more rapid than the rate of 
arrival of fallout. After fallout ceases, the radiation intensity decreases with 
a rate determined by the half-lives and relative abundances of the radionuclides 
present in the fallout. 

Knowledge of the shape of the radiation intensity time-history curve is re- 
quired to determine what countermeasures can be used at different times after 
attack and what their requirements are. Mathematically, the areas under the 
time-history curve for various time periods give estimates of the radiation dos- 
ages that could be received during those periods without countermeasures. 

In the early period, when the radiation intensity is rapidly increasing toward 
the peak, large dosages can be received in a very short time; therefore, in areas 
where the peak is higher than some given value, all personnel exposed to the 
radiation (for a given time) will become casualties. If these personnel are 
protected from radiation during this period, they will be able to perform their 
functions at a later time. 

After the intensity decreases (due to decay), certain short-time controlled 
tasks can be performed in the open without risk of casualties. 

The major short-time task is the reclamation of vital operations by decon- 
tamination or other actions which will reduce the dose to personnel over a sub- 
sequent period to an acceptable amount. 

After a longer period of time only the very long-lived radionuclides remain. 
In fission products alone, the majority of these nuclides are beta emitters. 
Thus when the gamma emitters have decayed beyond a certain level as to be 
of no hazard to personnel, the only countermeasures required will be those that 
deal with ingestion of long-lived beta emitting nuclides. 

Again, the guide for determining the appropriate time(s) of application of 
a given countermeasure(s), what the performance specifications should be, and 
how the operational application should be made all depend upon the degree 
of knowledge of the radiation intensity time-history curve—i .e. range of ab- 
solute magnitude of the intensities, areas involved for different yields, etc. 

The dosage, or area under the intensity-time curve, is sensitive to the shape 
of the curve. One commonly used decay curve for estimating dosage is that 
described by the t-}* function. Since this function is known to be only an 
approproximation, it is of interest to know to what degree it represents—or 
misrepresents—the true nature of the intensity-time curve; and, specifically, to 
what degree the dose estimates from its use differs from other theoretical 
curves which have given intensity-time curves similar to those observed ex- 
perimentally. Integrated doses for various periods of possible exposure (stay 
times) at a series of entry times for a standard intensity of 1,000 r/hr (at 
H+1 hr) are given in table 1 for both the ¢t—!? function and a normal decay 
(for radioactivity from a hypothetical weapon in which the decay curve is a 
normalized average from a number of experimental decay curves) titled “Theore- 
tical Decay” in the table. It may be noted that the intensity for the theoretical 
decay is higher than for the t-1? until between 1 and 2 months after burst; 
after this time, the theoretical decay curve is lower. 

The differences in dose between the two for different stay times is given in 
table 2; a generalizing of the tabulation is that the ¢t—!? function under- 
estimates the dose for early entry and short stay time and overestimates the 
dose for late entry and long stay times. The magnitude and order in which the 
differences occur are considered to be operationally significant for planning 
purposes ; therefore the #1? function is no longer used by the Military Evalua- 


tions Group of NRDL in its countermeasure evaluations investigations for mili- 
tary sponsors. 
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PHYSICAL CHEMISTRY OF Fattout As It RELATES TO DECONTAMINATION 
COUNTERMEASURES 


GENERAL BACKGROUND 


In countermeasures, the basic physical chemistry of fallout is concerned with 
the interactions of fallout with surfaces. These interactions are then related, 
in a practical sense, to an appropriate choice of reclamation procedures. 
Further, an understanding of the chemistry leads to a precise concept of the 
nature of fallout and to the significant properties of both the weapon and the 
target that combine to produce fallout of a given chemical nature as well as the 
implication of these properties on the countermeasure performance. 

In radiological defense designed for nuclear attack there are three basic kinds 
of fallout of interest: (1) From detonations at sea, (2) from detonations on 
land, and (3) from detonations on harbor targets. The general description of the 
interactions of these kinds of fallout will aid in explaining some of the technical 
problems; some of the experimental data and techniques are also applicable to 
reclamation problems which might range from a laboratory spill of a small 
amount of activity to a reactor accident although none of these would ever ap- 
proach the scope of the reclamation task envisioned in event of fallout from 
nuclear attack. 

SEAWATER FALLOUT 


Seawater fallout will consist of seawater, bomb structural and target ma- 
terials, and radioactive products. The bulk of the material thrown up in a 
detonation at sea will be seawater of which about 3 percent of the weight is salt 
(mainly sodium chloride); the radioactive elements will be present at con- 
centrations less than 1 part in a million. A high yield explosion will throw this 
material to such altitudes that much of the water can evaporate in falling 
back to earth; with lower yield explosions less will evporate. Depending on 
the humidity, in one extreme the fallout might arrive as wet, saturated salt 
particles and in the other as water dreplets much like rain. 

When these droplets or pseudo crystalline salt particles strike a surface 
(for simplicity, assume an impervious surface such as painted metal or wood) 
they will tend to stick where they land, and since fine mistlike particles travel 
almost horizontally more of them can strike and stick on vertical surfaces. 
Larger water droplets, however, when deposited in large numbers will fall more 
vertically and run off vertical surfaces. 

Since the bulk material (salt) is water soluble and never completely dries out 
(or stays dried out) in the presence of water vapor in the atmosphere, the 
radioactive as well as the salt atoms (ions and colloids) can move about in 
water and diffuse toward the surface. Within several hours after deposition, 
the droplets will all evaporate to the same degree under the same conditions and 
reach the same equilibrium state with respect to the surface. 

In this environment each radioactive atom has some freedom of movement 
and each kind (element) will interact with the surface in its own characteristic 
manner. The major interaction with the surface in this case is adsorption of 
individual elements (especially the metallic elements). .The alkali elements 
(like sodium or cesium) do not adsorb on surfaces very strongly, the alkaline 
earth elements adsorb in larger extent, and the rare earth elements to a greater 
extent than the alkaline earths. The degree of adsorption is in order of the 
charge on the ions from +1, +2, to +3. The equilibrium amount of each ad- 
sorbed depends on the amount of each present initially in the drop. The amount 
directly adsorbed by the surface cannot be removed without either removing 
some of the surface, or without imparting a great deal of energy to the surface 
layer either by physical er chemical means. Water washing, for example, simply 
washes away the equilibrium amount left in the salt layers above the surface. 

The Freundlich adsorption isotherm can be adapted to describe the adsorption 
process and subsequent washing of the surface. For a given element, it is— 


Fj=Rj/I=ajI"j* (1) 
in which I is the initial level (later defined in total r/hr of which element f 
contributes a stated fraction at the time, t, after detonation; Ry is the amount 


left after washing (i. e., the amount adsorbed) ; and aj and mj are the impirical 
adsorption constants. The fraction remaining is— 


Rj=ajI"j (2) 
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equations (1) and (2) apply either to a single drop or to the whole surface if at 
least a single layer of drops has been deposited. The intermediate situation is 
for rather low contamination levels and requires rather complicated equations; 
therefore, the following treatment will assume a serious contamination of the 
surface as the lower initial level of interest. For chemisorption which obeys 
equation 2, 1 is less than 1 so that the fraction remaining decreases with 
decreasing initial level. 

In this type of fallout, another interaction can take place within the water drop 
either during its fall to earth or after it lands. Likely bomb and target struc- 
tural materials will include fairly large amounts of iron, aluminum, ete. These 
materials will be oxidized and will form hydrous precipitates in the water drops. 
Many of the radioactive atoms will adsorb or mix with these precipitates. When 
these are present, a three-way interaction occurs on the surface rather than 
just the one previously described, Simple washing methods will dissolve only a 
small amount of the precipitates once they are dried on the surface, and during 
the process an equivalent amount of the radioactive elements will be released. 

A rigorous mathematical solution of all the physical chemistry equations and 
material balance equation for the three-way process cannot be made; however, 
suitable approximations can be made for simple water washing of the surface, 
The fraction remaining for this case is— 


F;=a,I"j ¥ 
j= 4; rs Pi (3) 
kit 
in which, for a given element, 
K,;=dK,.V/q,(t) (4) 
in which (1) d is the density of the hydrous oxides. 
(2) V is the equivalent initial volume of the fallout (before evapora- 
tion begins), deposited per unit area of surface. 
(3) K. is the equilibrium constant for the distribution of the element 
between the liquid and solid phase, 
and (4) q-(t) is the ratio of the weight of the bomb (and target, as Al, 
Fe, etc.) per unit area to the amount of radioactive elements 
present; qr (t) therefore depends on the yield and is given by 


q(t)= — kMeY() 
bW|Agp(t) +a;(t)] (5) 


in which (1) Mz is the total mass of bomb (and target material thrown up), 
(2) Y(t) is the ratio of r/hr to d/m per unit area at time, t, after 
detonation and depends on the photon energy spectrum, 
(3) W is the total yield of the weapon, 
(4) bis the ratio of fission to total yield, 
(5) arp(t) is the activity of the FP from 10° fissions in d/m at time, ¢. 
(6) Ar(t) is the sum of the induced activities for 10° fisisons in d/m 
at time @. 
and (7) K is a constant relating the fission yield and the number of fissions 
in appropriate units, 

The various quantities illustrate the kind of weapon or detonation parameters 
which are related to the chemical interaction at a surface many miles away from 
the attack as well as the information required to properly interpret decontamina- 
tion test experimental results, 

LAND FALLOUT 


Land fallout will consist of soil material, bomb structural and target materials, 
and radioactive products. The bulk of the fallout material from a surface 
detonation will be soil particles in which the radioactive elements are fixed. 
Therefore a decontamination procedure which moves the particles from a surface 
also moves the radioactive material. 

In this cuse, the fallout particles maintain their size all through the process 
and since their density is high, the majority fall more vertically than the sea- 
water fallout (in same wind speed), and, where the initial deposits are high 


enough to be of concern the horizontal surfaces will be more highly contaminated 
than vertical ones, 


98299°—57—pt. 121 
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For surfaces which are contaminated with more than a single layer of particles, 
only the bottom layer actually “contaminates” the surface: Most decontamination 
methods are capable of removing all the superficial layers of particles. If a 
method removes all but the surface layer (or, all layers and all particles greater 
than a given size in contact with the surface), then the amount left after decon- 
tamination is a constant, independent of initial deposit. For this process, the 
fraction of the mass of fallout remaining is 


Fa=Ru 
y (6) 


in which Ry is a constant dependent on the particle size and method of decon- 
tamination and y is the initial deposit in mass of (solid) fallout per unit area. 
The mass representation is used here to emphasize the fact the soil particles and 
not radioactive atoms are being acted upon during the contamination and decon- 
tamination process. 

For surfaces which are contaminated with less than a single layer of particle, 
the above mechanism of removal is postulated for the fraction of the area which 
is covered with particles. Since the landing of a given particle on a given spot 
on a surface is a statistical process with the probability of the next particle 
landing on a “clean” spot being proportional to the clean area, the fraction of 
area covered at any time (say, at the end of fallout) will be 


f=l—ew (7) 
in which « is a constant called the spreading coefficient; its value depends on 


the average particle size and the roughness of the surface. Thus the general 
equation for levels of initial deposit is 


Ry(1—e-*) 
es NS ee 8 
y (8) 


The fraction, f or ({—ed”), becomes one for a single layer of particles at which 
level equation 8 reduces to equation 6. 

Equation 8 is converted to radiation intensities by means of a quantity called 
the mass contour ratio M)rt), in units of the ratio mass of fallout per unit 
area tor/hr. Briefly, the mass contour ratio is given by 


f’k! ANWr-) 


bY larr() ard) (®) 
in which (see equation 5) 

(1) AAW" is the scaling relation for the mass of material thrown out of 
the crater, 

(2) nis an empirical constant, 

(3) AX is an empirical parameter depending on the scaled height or depth 
of burst, A 

(4) X is defined as the height or depth of burst in feet divided by the cube 
root of the yield in pounds of TNT, 

(5) k’ isa converting yield to fissions and other units, and 

(6 


) f’ is the fraction of the crater mass which mixes with the radioactive 
elements. 


In radiation intensities, equation 8 is 
Ry(1—e-eM, (01) 
M,(t)/; (10) 


F,, 


M?t) = 


F,= 
Harbor fallout 


Harbor fallout can be either like sea-water fallout or like land fallout or a 
mixture of any combination of the two. A low yield burst on the surface of 
a deep harbor would give a sea-water fallout; a high yield detonation on the 
surface of a shallow harbor will produce a land fallout. 

For the intermediate cases, the fallout will consist of sea water, harbor bot- 
tom (soil), bomb structural and target materials, and radioactive elements. 
The composition of fallout from harbor detonations can be described by their 
solid to liquid ratio, 8. 

Experimental data indicate that the additional phase (soil) to the seawater 
fallout induces only a negligible added interaction for most radionuclides and 
thus the total effect can be treated as a simple mixture of sea-water and land 
fallout. Where this is so a single representation can be made for all possible 
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types of fallout. The general equation, in terms of the ratiation intensity at 
H+1 hr, is 


F)=| exp— og MA(1)Fe(1) Fa Puri 


sated 8 
M, TT [1- —. reg MED | (11) 


T,(1) 
=A: AB ak. cit eee 

FiO) =a; OUI + Fara (12) 
in which Pj(t) is the fraction of the radiation intensity contributed by the 
radionuclides of element j; the sub r indicates an evaluation in terms of r/hr, 
the (1) indicates an evaluation in terms of r/hr at 1 hr after burst, and (ft) 
indicates the parameter depends upon the time the surface has been contam- 
inated—i. e. requires evaluation for the time, ¢t, after burst when the decon- 
tamination is carried out. 

The results of some laboratory scale data from synthetic fallout together 
with constants for a hypothetical nuclear bomb were used to evaluate other 
empirical constants. These were used to compute the final levels for a decon- 
tamination at 7 days after burst for initial levels ranging from 10 to 10,000 
r/hr at 1 hr. The curves for a § of zero (sea-water fallout) toa B > 1,000 (land 
fallout) at selected intervals are plotted in ffzure 1. 

At the present time, there is not enough data available to determine a similar 
three dimensional decontamination surface (or even a partial surface) for any 
available reclamation method-surface combination. Since large scale reclama- 
tions are expensive and difficult, the preferable experimental technique would 
be to investigate the nature of the decontamination surface for a series of 
method-surface combinations by use of small-scale experiments in the laboratory 
and to check these with a few carefully chosen large-scale experiments with 
sufficient correlation experiments to make proper adjustment of the equation 
parameters. 

CONTAMINABILITY OF TARGETS 


The vulnerability of targets to contamination by fallout must consider three 
parameters : 
(a) Does the fallout contact the surface? 
(b) Once in contact, does it remain on the surface? 
(c) How tenaciously is it attached, i. e., how easy is it to remove? 
Such information is important for: 


(a) Predictions of the relative radiological hazard within the target 
complex so as to exploit this variability operationally. 

(b) Predictions of the over-all vulnerability of structures that incorpo- 
rate shielding. 

(c) Design and planning criteria for recovery procedures. 

(ad) Design criteria to provide minimum vulnerability of targets. 

Factors influencing the contaminability of targets are: 

(a) Gross geometry and configuration which determine the airflow pat- 
terns around the target and/or influence the “drainage” of material from 
the target surfaces. 

(b) Physical and chemical characteristics of surface materials, i. e., 
roughness, porosity, adsorbability, chemical reactivity, etc., which influence 
the “entrapment” of fallout and ease of loosening, removal, and transport 
of contaminant by decontamination processes and/or natural weathering. 

(c) Meteorological conditions which determine the initial distribution of 
fallout, and its resuspension and/or redistribution. 

(ad) The physical and chemical characteristics of the fallout, 1. e., type 
(deep water, harbor, or dry land), chemical state, particle size, density, etc., 
which influence the “flight” characteristics, the impact and retention char- 
acteristics and the tenacity with which it is held to the surface. 

Various laboratory and field tests have been made of the contaminability of 
surface materials as related to fallout characteristics and angle of inclina- 
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tion.**** The contaminability of targets as related to micrometeorology and 
geometry have not been studied directly, but some information has been derived 
from experiments with other objectives.’ As an example, a ship was exposed to 
fallout from a deep-water detonation.‘* The fallout arrived in a 15- to 20-knot 
wind on the starboard beam. 

The following results were obtained: 

(a) The contamination level (240 readings) on horizontal surfaces varied 
from 16 percent to 400 percent of the average, i. e., the largest was 25 times 
higher than the lowest. 

(0) The gamma radiation level at 3 feet above the deck varied by a 
factor of 10. 

(c) The average contamination level for vertical surfaces varied from 
the average horizontal reading as follows: 

1. Forward part of the ship: 40 percent of horizontal average. 
2. Aft part of the ship: 20 percent of horizontal average. 

3. Lee side: 10 percent of horizontal average. 

4. Windward side: approximately equal to horizontal average. 

(da) Test panels at the stern of the ship had an average contamination 
oe on vertical surfaces three times higher than levels on horizontal sur- 

aces. 

Such data cannot be extrapolated or used for predictions without a better 
understanding of all of the factors involved. 

In another example, small buildings and panels of typical building materials 
were exposed to fallout from land detonations.*. The contamination levels on 
typical roofing materials was as much as 300 times higher than that on typical 
wall panels; or a vertical to horizontal relationship of about 0.3 percent. For 
panels of the same material, vertical readings were about 10 percent of the 
horizontal. 

The two examples indicate considerable difference in the vertical to horizontal 
relationships. The characteristics of the fallout appear to have had a con- 
siderable influence on this distribution. For instance, the land detonation 
normally produces a “dry” fallout composed primarily of material from the 
crater. One can expect masses of 3 to 300 grams of material per square foot 
to be associated with significant radiation levels at early times. The fallout 
being a dry powder has little tendency to stick on vertical surfaces. 

The fallout from deep-water detonations is largely composed of sea water 
salts. However, much of the water may evaporate, leaving particles that are 
damp, semicrystalline masses of a sticky nature. They are capable of sticking 
to vertical surfaces. 

As indicated very little is known of the overall problem of contaminability. 
It is obvious, however, that two assumptions often made, i. e., ((1) that the 
fallout is distributed homogeneously on a uniform infinite plane, and (2) that 
vertical surfaces are not appreciably contaminated) are subject to serious limi- 
tations. The ability of a tactical force and/or a civilian population to exploit 
the variability of the fallout pattern depends upon knowledge we do not have 
on contaminability. 

The contaminability of personnel exposed to the fallout event or working and 
living in contaminated environments is largely unknown. A study ”® indicating 
the significance of beta contact hazard to personnel and a requirement for the 
mass decontamination of personnel, emphasizes the need for additional con- 
taminability information. 





1Gevantman, L. H., B. Singer, T. H. Shirasawa, Contaminability of Selected Materials, 
USNRDL—TR-11. 

2Gevantman, L. H., J. F. Pestaner, B. Singer, D. Sam, Decontaminability of Selected 
Materials, USNRDL-TR-13. 

3Lane, W. B., R. K. Fuller, L. Graham, W. E. Shelberg, Laboratory Studies of the 
Decontamination of Repeatedly Contaminated Surfaces, USNRDL-—TR-59 (confidential). 

#Strope, W. E., Protection and Decontamination of Land Targets and Vehicles, Opera- 
tion Jangle, project 6.2, AFSWP-WT-—400. 

5 Lee, H., M. B. Hawkins, Some Considerations of the Geometrical Distribution of 
Fallout Radiation Sources Over Targets, Proceedings of the Shelding Symposium held at 
USNRDL October 17-18, 1956, vol. IL (USNRDL report in preparation), secret. 

¢Molumphy, G. G., Captain, USN, Bigger, M. M., Proof Testing of AW Ship Counter- 
measures, Operation Castle final report, project 6.4, USNRDL 0012361. 

7 Lee, Hong, Technical Survey Data for A etgeee Castle, project 6.4, USNRDL TM-49. 

® Maloney, Joseph C,, et al., decontamination and protection, Operation Castle, project 
6.5, AFSWP-WT_928, 

*Broido, A., Teresi, J. D., requirements for mass decontamination of personnel, 
USNRDL-TR-88, April 1955 (secret RD). 
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Cost oF RECLAMATION 


Considerable data has been collected regarding the effectiveness of reclama- 
tion of targets contaminated by local fallout. The feasibility of applying these 
methods depends upon the following parameters: 

(a) The time required to perform the reclamation must be short enough 
to make an appreciable saving in radiological exposure to mission personnel, 

(b) The radiation exposure to reclamation personnel must be justified by 
the saving in exposure of mission personnel, 

(c) The effort (manpower) and logistics required to reclaim the target 
must be compatible with the total effort available. 

Thus, the cost of reclamation as measured in operating time, effort, radiation 
exposure, equipment, and supplies is an important determination. 

It is impossible to generalize on these quantities for they are influenced by 
many factors. 

The type of fallout, whether it be from a deep water, harbor or land detonation, 
influences the rate and/or method of decontamination. A deepwater-type fall- 
out can be removed only to an extent of about 60 percent for a firehosing, scrub- 
bing operation on ships,’ the rate being about 40 square feet per minute. The 
same decontamination procedure at 6 times the rate of operation on a paved area 
contaminated by dry-land-type fallout will yield a removal of about 98 percent.’ 
To achieve an equivalent removal on the ship, a surface removal technique 
would be required. Typical rates of operation are about 20 feet per minute for 
paint stripping * and about 7 feet per minute for removing a %-inch thick layer 
of wood from the flight deck.‘ 

The amount (or mass) of fallout on a surface influences the rate, particularly 
for harbor and dry-type fallout that must be transported over horizontal sur- 
feces for considerable distances. The following table shows an example of how 
the rate decreases with increasing masses of dry fallout for motorized flushing.” 


res 

ing rate, 

Dry fallout gm/ft:* Fun] min. r 
eas cise occa tlhe tS Sissies Se ssinhguinca nd ge 679 
Nc inthe Sein eld ota Ro tnicltarin endo daeaaaaiaaa eeaane ee ee 650 
i cy sR seb sa  s sk  kaps cbc camo a de an 580 
a a an cae aS i a tera 300 


The mass of fallout has no effect on the rate of operation for surface removal 
or earth moving techniques. 

The rate of operation is influence by the surface characteristics of the target, 
rough surfaces, e. g., wood shingles, requiring longer time than smooth, e. g., 
metal surfaces. The following table is an example of the influence of surface 
roughness on rate of operation: ? 


Firehosing of dry contaminaiit 








Effectiveness Rate 
Material (percent (ft?/min/hose) 
removed) 
NPI RUIN, uh alas nid cient deck ebablualeles salsa a tana ena 97 65 
Composition shingles_- 95 50 
WY IIIS aos g ncn Rec uiaadaac dedsiceiiennaetned cama 89 35 





The rate of reclamation by earth moving is influenced by soil characteristics. 


Standard earth moving practice has developed considerable information on this 
subject. 





2AFSWP, ITR 1323, preliminary report, Operation Redwing, project 2.9, Standard 
Recovery Procedure for Tactical Decontamination of Ships. Confidential. 

*Field Evaluation of Cost and Effectiveness of Basic Decontamination Procedures for 
Land Target Components, Sartor, J. D., Curtis, H. B., ete., USNRDL-—TR in preparation. 
Unclassified. 

* Rates approaching 50 square feet per minute are possible if removal of only the surface 
layer of paint gives the required reduction in radiation intensity. 

*Proof Testing of AW Ship Countermeasures, Operation Castle, project 6.4 WTI-927, 
Molumphy, Bigger. Contidential, 
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The degree of mechanization obviously influences rate of operation. The 
following example compares firehosing rate with that of motor flushing for 
harbor-type fallout. Also shown are the influence of mechanization on effort 
and radiation exposure.’ * 





Actual performance or cost 





Criteria for comparison 
Firehosing Motorized | Relative cost 








flushing FH/MF 
1. Operating rate per unit, hr/10¢ ft?_......2222 ell 222 30 7.4 
2. Pereornas PO WOE MOUS... «-. < ci cdandcccueceasannadsccues 516 2 2.75 
3.. Effort (direct iabor), MARAT 108. oo. cncdcccossantccous 1, 210 60 20.0 
4. Radiation shielding factor____._._. Kine kned decades enadns 1.0 0.5 2.0 
G;, TREIREI VS GORE Ti TAG EOR GONE i ood cesinenscdcndcscnccicance 1, 210 





Target complexity obviously influences rate of operation. For optimum per- 
formance, spacings between target components must be large enough to permit 
mechanized equipment to be used. 

A simplified example will help indicate the time, manpower, and basic sup- 
plies required for recovery of a target complex. The following criteria are 
assumed: 

(a) Target: City of San Francisco. 
(b) Fallout: Harbor-type at 33 gms ‘tC. 
(c) Area to be recovered: ons 25 square miles consisting of— 
1. All paved areas. 
2. All industrial and commercial areas and buildings. 
3. 50 percent of the park areas. 
4. 10 percent of the residential areas and buildings. 
(da) Methods: Firehosing and earth moving. 

The following table indicates an estimate*® of the cost of reclaiming these 

critical areas: 


Cost of decontaminating critical areas of San Francisco through use of available 
firefighting and earth moving equipment for removing slurry contaminant 


























Firehosing 
ee SS Earth Grand 
moving, total 
Roofs Paved Subtotal | land areas 
surfaces 
1. Time to complete decontamination (24- | | 
I a a ae ag 16.8 11.7 28.5 Reha ae 
2. Tet enor CARE OF BM) 2, co so inenceanencleacewusuanes 4, 000 2, 800 6, 800 
8. Total labor, direct and support (num- | | 
DUO od cc ccnk op nenicnad nab eeseahaws hammaaeba nas 6, 000 4, 900 10, 900 
4. Total effort (8-hour man-days) _- ‘ 7 171X103 | 64x 103 235 103 
5. Labor cost at $10 per man-day $1. 71108 | $0. 64106 $2. 35108 
6. Water required for decont amination 
I a a a oa 362 10° 314X106 PR Ncbiditaaentel bacincuisnin ates 
7. Fuel required (gallons): 
16) SDD: cnnimmnscmacnsksncnaate 145, 000 101, 000 246, 000 95, 000 841, 000 
Cl AUR ira nnncncncacanestadsin kendibaeese 195, 000 195, 000 


As can be seen, the reclamation is feasible in what appears to be a reason- 
able time. The amount of equipment reguired is within the capability of exist- 
ing sources in San Francisco, The manpower is not too excessive considering 
the numbers of people available. The water requirements are within the 
capability of the normal supply. Fuel consumption is less than normal daily 
requirements. The greatest problem would undoubtedly be that ef organizing, 
training, supervising, and controlling 11,000 men. 

Automatic decontamination devices such as the washdown system have, as an 
important advantage, the capability of reclamation at very early times with no 
expenditure of manpower or radiation exposure. They can be extremely 
effective (i. e., removal of 90-95 percent) even on sea-water-fallout.* How- 
ever, they do require expenditure of funds before the war begins. 


®* Engineering Anproach to Radiological Decontamination, Hawkins, M. B. (Paper to be 
given ASME semiannual meeting, San Francisco, June 1957.) Unclassified, 
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THE NEED FOR A NATIONAL PROGRAM IN NUCLEAR COUNTERMEASURES 


The full exploitation of nuclear weapons and nuclear power requires that full 
preventive measures be employed at all times to keep potential exposure be- 
low hazardous levels, and that the capability of reclamation after any nuclear 
mishap be high. 

The current policies of the AEC and DOD, backed by the very competent 
Health and Safety Division in the AEC installations, have provided a generally 
satisfactory national program based on preventive and control measures. No 
similar program exists to fulfill the reclamation requirement, or to prepare 
the way for successfully coping with a general increase of radioactive back- 
ground above that imposed from natural sources. Such an increase is in- 
evitable—both on a general scale and on a more limited scale. The general 
puildup is predominantly related to weapon detonations. The more limited 
scale is confined to such areas as the exclusion zones of the Nevada test site, 
the Reactor Test Station, Arco, Idaho, ete. From the other extreme, there 
is an increasing demand to establish contamination specifications for the 
general release of previously contaminated equipment into the established in- 
dustrial channels. 

It is proposed that a positive national program of nuclear countermeasures 
development be undertaken to add preprotection and reclamation capability 
to the established preventive measures. 

Four completely different types of end-use application are apparent: 

(1) Increasing the nuclear resistance of military operating forces in the 


field. 
(2) Continental defense of the United States in time of total nuclear 
war. 


(3) Reclamation from a nuclear mishap in times of peace. 

(4) Adaptation of the established economic system to absorb the appli- 
eations of nuclear energy that are already developed, or under develop- 
ment. 
he four applications are common in that one is faced with the impact of 

radiation and radioactivity on the civilian and/or noncombatant society. The 
control techniques used during the research, development, and production 
phases are no longer sufficient since these techniques rely solely on control and 
preventive measures. 

The four applications differ in that the criteria relating the nuclear or 
radiological environment to the permissible dose or acceptable hazard are not 
completely common. 

However, much of the research and development up to the point of final 
application is interchangeable. A unified research and development program 
should have a large payoff value on all four fronts. It also appears that the 
DOD, AEC, FCDA, and possibly the PHS all have a vital interest in such a 
unified program. 


SUMMARY OF NUCLEAR WEAPON COUNTERMEASURE SYSTEM DEVELOPMENT PROGRAM 
ProposaL (SpecraL Test PrRoGRAM COMPONENT) 


This memorandum summarizes the proposals advanced by the United States 
Naval Radiological Defense Laboratory as representing the fastest and most 
economical way of developing a national capability ir nuclear weapon counter- 
measures. This proposal has formed the basis of discussions with Mr. R. L. 
Corsbie and Dr. A. W. Bellamy, representing the Atomic Energy Commission, 
concerning the manner in which nuclear weapon tests could be more profitably 
exploited. The same proposal has been discussed with the FCDA Planning 
Office, but has not been formally developed. 

To insure the greatest level of national readiness in minimum time, the nu- 
clear weapon countermeasure system must be developed with the same care that 
has gone into the development of the offensive weapon systems. It is proposed 
that a nuclear weapon countermeasure system development program be estab- 
lished, and that a proof test of the proposed system be made at a special test to 
be conducted in accordance with the attached schedule. This test will: 

(1) Proof test proposed standard shelter designs. 
(2) Proof test proposed rapid reclamation systems. 


(3) Establish an experimental basis for determining criteria required to 
achieve final recovery. 
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Such a program cannot succeed if projects are submitted by invitation to all 
agencies that may have an interest in the subject. The test projects must be 
carefully planned to proof test an integrated system and must carry through all 
three time phases: emergency, operational recovery, and final recovery. The 
United States Naval Radiological Defense Laboratory believes it has the com- 
petence to develop such an integrated system. Adequate criteria exist to justify 
an operational development program of both emergency and operational re- 
eovery phases. Adequate criteria do not exist to establish feasible systems 
for the final recovery phase. Therefore, this test must be used to aid in the 
experimental determination of such criteria including food management and 
agricultural reclamation. The capability of existing instrumentation and doc- 
trine to provide the required radiation and operational control data will be able 
to be determined realistically. 

This program is only one part of the required national weapon countermeasure 
program. However, it provides the essential base against which real progress 
can be evaluated. 

The proposals submitted to Mr. Corsbie for Operation Plumbbob are devolop- 
mental projects covering some aspects of the emergency and operational recovery 
plans. 


Outline of Essential Timetable 
R&D program leading to Test date minus 


selection of system 3 years 
components and estab- 
lishment of necessary Test date minus Site selection and 
projects 2 years program scope com- 
pleted 
Test date minus Submission of complete 


l year test program plan 


Construction, equipment 
procurement, training 


TEST DATE 


Operational recovery 


Emergency phase com- 
begins 


plete 


Shelters, situation 
appraisal, etc. 


| Test date plus Final report on 
Transition to final 6 months emergency phase pro- 


recovery begins gram 
Test date plus Operational recovery 
9 months complete 


Test date plus Final report on opera- 
18 months tional recovery phase 
program 


Experimental program to 
measure incorporation of 
critical elements into 
the environment and their 
uptake into animals. 
Agricultural reclamation 
experiments. ; 


Test date plus 
3 to 5 years 
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Evaluation of the state of knowledge relating to radiological countermeasures 
development * 








Continental | Peacctime 








defense application 

Prearen Get COCR isctitin inns «eps se napa oie Ribeapipne ne come whined A o 
Nudiest and chiomiieal properties... oo... pce nen swcndesasnidaddeduan A B 
Contamination-decontamination phenomena-.-.........-.-..-.--.---.-...--- Cc Cc 
RRR CERIN 5 SS =o cis cesta cilpaenssaase en taanaanaaae B Cc 
Compement Geveln gates... «0 inccsccacandcsnnscecsasdscsdaussauseednacboctoss Cc Cc 
Gris eIES WA COLTER CHOON. o.oo c dete nincdaxeneas ~dpaaeaanhbode B B 
SANE GO VR oni concn cctnkgnetdevthindeseabebedibescnbemimaaanena B+ (2) 
Final recovery--- x inno ty ie 5 el eon en ica peor ag ai ncdplblane en oe oee C Cc 
Systems development and analysis. ..........-.-.22.00-sscccceccesecccnnnes- B B 


1 This table was developed by Dr. Paul C. Tompkins, USNRDL, Mr. R. Corsbie, and Mr. J. Deal, 
DBM of the AEC, to guide the development of projects to improve the nuclear weapons defense capability 
of the Atomic Energy Commission. it has been examined by the technical staff of the USNRDL and is 
considered to be a fair evaluation of the current state of real knowledge. 

3 Not applicable. 





Note.—State of knowledge and effectiveness of application based on the ability to apply determinable 
numbers in a wide range of actual cases: 

A—Adequate for practical applications 

B—Inadequate for practical applications 

C—Little known 


(Submitted by Department of Defense) 


U. S. Nava RaApIo.ocicaAL DEFENSE LABORATORY 


SAN FRANCISCO, CALIF 


From: Commanding officer and director. 
To: Chief, Bureau of Ships (code 110). 
Subject: Congressional hearings before the Joint Committee on Atomic Energy 
concerning the nature of radioactive fallout and its effects on man, scheduled 
for May 27 through June 7, 1957. 
Reference : 
(a) Ch, BuShips Itr A18 (110) Ser 110-1447 of June 6, 1957. 
(6b) CO and Dir, USNRDL Conf Itr $00-0801 PCT: iem of May 16, 1957, 
(c) CO and Dir, USNRDL Itr 900-803 RCL: rts of May 23, 1957. 
Enclosure: (1) Biographies of contributors to written statements submitted for 
subject hearings. 

1. As requested by reference (a), enclosure (1) forwards biographies of con- 
tributors to the written statements submitted for the subject hearings, arranged 
in an alphabetical listing. The authors and identifying titles of the USNRDL 
survey of various aspects of radiological fallout from nuclear weapons are given 
below in the order submitted. 

(a) Reference (0b): 


Re Prediction of Fallout 


i A. Schuert 
C. F. Ksanda 


II. Measurement of Fallout... ~~. T.. T.. Triffet 

III. Physical and Radiochemical___--_-- {N. E. Ballou 
Properties of Fallout-___.._-.__-___-. \c. W. Adams 

IV. Environmental Aerosol Analysis__--- A. L. Baietti 

V. Radiological Countermeasures___--- C. F. Miller 


(b) Reference (c): 

I. Mass-Activity Relationships Derived C. F. Miller 
from Fallout Measurements. 

II. Relation of Radioactive Decay to C. F. Miller 
Countermeasures. 

IIT. Physical Chemistry of Fallout as It C. F. Miller 
Relates to Decontamination Counter- 
measures. 


IV. Contaminability of Targets_L_-----. M. B. Wawkins 
Vi. Cost of Reclamation... .c.nnncca M. B. Hawkins 4 
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VI. General information on a nuclear 
countermeasures program: 

A. The Need for a National Pro- 
gram in Nuclear Counter- 
measures. 

B. Summary of Nuclear Wea- 
pon Countermeasure System 
Development Program Pro-)P. C. Tompkins 
posal. 

C. Evaluation of the State of 
Knowledge Relating to Ra- 
diological Countermeasures 
Development. 


2. The material submitted by the USNRDL was reviewed and edited by Drs. 
FE. P. Cooper and E. R. Tompkins. Because of their valuable conrtibutions, 
their biographies are included in enclosure (1). 

By direction: 

PAuL C. TOMPKINS. 
Adams, Charles F. 

2916 Shasta Road, Berkeley, Calif. Home phone THornwall 5-7559, office 
phone MIssion 8—-6900, ext. 485. Date and place of birth: 1921, Chicago, Ill. 
Education: B. A. Geology, UCLA, 1945; M. A., Geology, UCLA, 1949. Work 
History ; Geophysicist, United Geophysical Co., Pasadena, Calif., 1948-44; U. S. 
Navy, 1944-46; Chemist, Naval Radiological Defense Lab., San Francisco 24, 
Calif., 1950- 

Baietti, Albert L. 

730 W. 27th Ave., San Mateo, Calif. Home phone FlIreside 1-0842, office 
phone MIssion 8-6900, ext. 240. Date and place of birth: 1922, Sharon, Pa. 
Education: B. 8., Physics, Case Institute of Technology, Cleveland, Ohio, 1943; 
Grad. work in physics at University of Illinois, 1946-47. Work History: Kellex 
Corp., Oak Ridge, Tenn., 1948-45; Health Physicist, Clinton Nat. Lab., Oak 
Ridge, Tenn. 1945-46; Proj. Engr. Kellex Corp. 1947-49; Tech. Asst. to Mer. 
Jackson & Moreland Co., Knolls Atomic Power Lab., Schenectady, N. Y., 1950; 
Naval Radiological Defense Lab., San Francisco 24, Calif., 1950- . 


Ballou, Nathan E. 

1531 Campus Drive, Berkeley, Calif. Home phone THornwall 5-—0259, office 
phone MIssion 8-6900, ext. 508. Date and place of birth: 1919, Rochester, 
Minn. Education: B. S., Minnesota State Teachers College, 1941; M. S., Illi- 
nois, 1942; Ph. D., Chemistry, Chicago, 1947. Work History: Teaching asst. 
Chem. Ill., 1941-2; research asst., Metallurgical Lab., Chicago, 1942-43; Clinton 
Labs, Oak Ridge, 1943-44; assoc. chemist, 1945-46; res. chemist Hanford Engi- 
neering Works, Wash., 1944-45; Nat’l Research Council Fellow, Chicago, 1946— 
47; research assoc. Radiation Lab., Calif., 1947-48; Naval Radiological Defense 
Lab., San Francisco 24, Calif. 1948-51, Hd. Nucl Phys Chem Br. 1951- . 


Cooper, Eugene P. 

48 Lakemont Drive, Daly City, Calif. Home phone PLaza 6—0176, office phone 
Mission 8-6900, ext. 402. Date and place of birth: 1915, Somerville, Mass. 
Education: B. S., Mass. Inst. Tech., 1987; Munich, 1935; Ph. D., theoretical 
physics, California, 1942. Work History: Asst. prof. physics, North Carolina, 
1941-48; research physicist, Franklin Inst., Philadelphia, 1943-45; USN Ord. 
Test Sta., Inyokern, Calif., 1945-47; assoc. prof. physics, Oregon, 1947-48; re- 
search physicist, USN Ord. Test Sta., Pasadena, Calif., 1948-51; Assoc. Sci. 
Director, Naval Radiological Defense Lab., San Francisco 24, Calif., 1952- . 


Hawkins, Myron B. 

2600 La Honda Ave., El Cerrito, Calif. Home phone BEacon 3-3591, office 
phone, MIssion 8-6900, ext. 517. Date and place of birth: 1920, Indianapolis, 
Ind. Education: B. S. M. E., Purdue, 1942. Work History: Processing engr., 
Bendix Products Div., Ind., 1942-44; Assoc. Engr. Oak Ridge Nat. Lab., 1944-48 ; 
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Mech. Engr., Isotopes Div., Atomic Energy Cmn. 1948; Treas, and Ch. Engr. 
Scientifie Service Inc., 1948-50; Naval Radiological Defense Lab., San Francisco 
24, Calif., 1950-51; Hd Tech. Dev. Br. 1951- . 


Ksanda, Charles F. 


292 Glen Drive, Sausalito, Calif. Home phone EDgewater 2-—2257, office 
phone, MIssion 8-6900, ext. 421. Date and place of birth: 1921, Washington, 
Dp. C. Education: B. 8., Univ. of Maryland, with additional 12 sem. hrs in 
Physics, 1942; 26 sem. hrs. at Geo. Wash. U. in 1951. Work History: Physicist, 
BuShips 1941-42, Washington, D. C.; Weapon Capabilities Br., Naval Radio- 
logical Defense Lab., San Francisco 24, Calif., 1951- 
Miller, Carl F. 

24 Roosevelt Circle, Palo Alto, Calif. Home phone: None. Office phone: 
Mission 8—6900, ext. 428. Date and place of birth: 1918, Osceola, Wisconsin. 
Education: B. §8., Math., State Teachers College, River Falls, Wise. 1940; 
M. S., Chemistry, Univ. of Calif. 1948; Ph. D., Chemistry, Iowa State College, 
Ames, Iowa, 195°. Work History: Jr. Chemist, Iowa State Col., 1948-51; 
Naval Radiological Defense Laboratory, San Francisco 24, Calif., 1952; Hd, 
Countermeasures Evaluation Br., 1956- 
Schuert, Edward A. 


2211 Cedar Street, Berkeley, Calif. Home phone: THornwall 8-0133; office 
phone, MIssion 86900, ext. 479. Date and place of birth: 1923, San Francisco, 
Calif. Education: B. S., Engineering, Univ. of Calif., Berkeley, Calif., 1948. 
Work History: Meteorologist, USAAF, 1943-46; Cyclotron Specialist, Crocker 
Radiation Lab., Univ. of Calif., 1946-48; Engr., Kaiser Engineers, Oakland, 
Calif., 1949; Fallout research, Naval Radiological Defense Laboratory, San 
Francisco 24, Calif., 1950- . 

Triffet, Terry 

3912 Nelson Drive, Palo Alto, Calif. Home phone: YOrkshire 7-4963; office 
phone, MIssion 8-600, ext. 478. Date and Place of Birth : 1922, Enid, Oklahoma. 
Education: B. A., Univ. of Oklahoma (Lib. Arts) 1945; B. S. Eng., Univ. of 
Colorado, 1948; M. S. Eng., Univ. of Colorado, 1950; Ph. D., Eng., Stanford, 
Univ., 1957. Work History: Univ. of Colorado, instructor, 1947-50; Gen. Engr., 
U. 8S. Naval Ordnance Test Station; Gen. Engr., Naval Radiological Defense 
Laboratory, San Francisco 24, Calif., 1955- 
Tompkins, Edward R. 


1341 Hull Drive, San Car’ os, Calif. Home phone: LYtell 3-0935 ; office phone, 
MIssion 8-6900, ext. 470. /] ate and place of birth: 1908, Winterset, Iowa. Edu- 
cation: A. B., Greeley Sta 2 College, 1931: summers, Washington, 1930, Wiscon- 
sin, 1985; M. A., California, 1941; Ph. D., biochem., 1942. Work History: 
Teacher, Denison High School, Iowa, 1982-37; Teaching Asst., Bichem., Calif., 
1988-39; Res. Chemist, Armour Research Foundation, Chicago, 1942-43; Re- 
search Chemist, Metallurgical Lab., Chicago, 1943; Research Chemist and Grp. 
Ldr., Clinton Lab., Oak Ridge, 1943-47; consultant, Advisory Field Service Br., 
Isotopes Div., 1947-48; Dir. Res., Sci. Service, Inc., 1948-51; Hd., Chem. Tech. 
Div., Naval Radiological Defense Laboratory, San Francisco 24, Calif., 1951- 
Tompkins, Paul C. 


2765 Summit Drive, Hillsborough, Calif. Home phone: DIamond 447743 
office phone, MIssion 8-6900, ext. 400. Date and place of birth: 1914, Walla 
Walla, Wash. Education: A. B., Whitman College, 1935; Chicago, 1936-37; 
Ph. D., biochemistry, California, 1941. Work History: Asst. biochem., Calif., 
1940-41; chem., Stanford, 1941-42; Research Assoc., 1942-48; Metallurgical 
Lab., Chicago, 1943-45; Sr. Chemist, Clinton Lab., 1945-47; Prin. Biochemis 
Oak Ridge Nat. Lab., 1948-49; Staff Advisor to Sci. Director, Naval Radiologica 


Defense Laboratory, San Francisco 24, Calif., 1949-50; Assoc. Sci. Dir., 1950-51}; 
Sci. Dir., 1952- . 
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DEPARTMENT OF THE NAVY 


OFFICE OF NAVAL RESEARCH 


Washington, D. C. 


From: Chief of Naval Research. 

To: Chief of Legislative Liaison. 

Subject: Congressional hearings before the Joint Committee on Atomic Energy 
concerning The Nature of Radioactive Fallout and its Effects on Man, sched- 
uled for May 27 through June 7, 1957. 

Reference: (a) OLL: INV: ACJ: gms memp 6-1182 of June 3, 1957. 

1. In accordance with reference (a), the following biography is submitted: 
Lockhart, Luther B., Jr. 

115 Devon Drive, Falls Church, Va., Home phone JEfferson 44083, Office 
phone, JOhnson 38-6600, extension 340. Date and place of birth: 1917, Atlanta, 
Ga. Education: A. B., Emory, 1988; Sigma XI, Phi Beta Kappa; Ph. D. (Org. 
Chem.), North Carolina, 1892; Ethel-Dow Corp. Fellowship, North Carolina, 
1939-40: research assoc., naval research project, North Carolina, 1942-43, 
Work history: research chemist, Naval Research Laboratory, 1943-; head, radio- 
chemistry section, 1948-54; head, high polymers branch, 1954—present. 


A. B. METSGER, 
Deputy and Assistant Chief of Naval Research. 


HEADQUARTERS, ATR WEATHER SERVICE, 
Micirary AiR TRANSPORT SERVICE, 
UNITED STATES AIR FORCE, 
Washington, D. C., May 17, 1957. 


STATEMENT BY LERoy H. CLeM?’ or THE AIR WEATHER SERVICE ON FALLOUT 
PREDICTION 


The prediction of radioactive fallout is a combined meteorological and radio- 
chemical problem. The mission of the Air Weather Service does not include 
any treatment of the radiochemical portion of the problem but is confined to the 
indication under emergency wartime conditions of the effect of only the meteoro- 
logical variables on the transport of radioactive debris during its fall back to 
earth within a few hundred miles of the site of a nuclear detonation. To ac- 
complish this mission requires accepting certain rather gross assumptions about 
such nonmeteorological variables as the initial distribution of contaminated par- 
ticles in the stabilized cloud and the particle fall rates. Thus, given these gross 
assumptions, the only additional factors with which the Air Weather Service 
forecasters are concerned are the time and location of the occurrence of a nuclear 
detonation and the best estimate of the wind field through which the radioactive 
debris will fall. 

The idealized meterological solution to this problem involves the computation 
of a whole family of three-dimensional trajectories starting from various levels 
of the atomic cloud. By considering changing wind conditions, these trajectories 
represent the fall paths of a variety of particles (of differing size and shape) 
which were present at the various levels in the cloud when it stopped rising. 
Such a solution is beyond the present state of the science of meterology. There- 
fore, the Air Weather Service, as well as other agencies, had to make certain 
simplifying meterological assumptions in order to be able to handle the forecast 
problem. 

The generally accepted method is based on the following main assumptions: 

(a) The winds at selected levels in the middle of layers (e. g., 10,000 feet 
thick) are representative of the windflow that would effect the drift of the 
particles while they are falling through that layer. 


1 Bachelor of science degree, Brown University; certificate for graduate meteorological 
engineering, New York University; master of science degree in meteorology, Massachusetts 
Institute of Technology ; 13 years of professional experience in meteorology ; during World 
War II served as an aerological officer in the Navy ; several years experience with the U. S. 
Weather Bureau; serves as the expert on fallout-prediction problems, high level wind 
roblems and forecast capabilities. Assigned to the Technical Service Branch, Technical 


tequirements and Services Division of Scientific Services of Headquarters, Air Weather 
Service. (Submitted by Department of Defense.) ‘ 
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(b) The wind sounding (observed or forecast) for the upper-level winds 
applicable at the point of detonation is representative of the windflow 
throughout the course of the ensuing fallout. 

It is believed that assumption (@) does not introduce much error; however, 
assumption (0b) is both the heart of the technique and the most questionable 
of these two assumptions. Although experience has shown that persistence fore- 
easts (implied in (b)) of upper-level winds are equal to or better than other 
available forecast methods for the first few hours, variability of the wind, when 
coupled with the inaccuracies of wind observations and forecasts, introduce siz- 
able errors in the method. The average error in the resultant 6-hour forecast 
fallout plot derived from this method is of the order of +10 to +30 degrees in 
direction and 30 to 40 percent in distance. The forecast errors involving fall- 
out coming from the higher levels of radioactive clouds formed by large weapons 
are relatively smaller than those for fallout from the lower levels of the clouds. 

However (even in view of these inaccuracies), by using the stated meteor- 
ological assumptions, it is possible to compute the most probable geographical 
area that may be contaminated by radioactive fallout following a surface or 
near-surface burst of a nuclear weapon. There are more sophisticated and time- 
consuming computational techniques available, involving more complex assum- 
tions than (b) which are supposed to take care of some of the variability of the 
wind. However, evaluation tests have indicated that the slight decrease in the 
resultant errors from using these more complex methods does not justify the 
extra computational time and effort involved. The Air Weather Service 
method, based on a very simple and versatile 6-hour wind-vector technique, is 
equally useful in this country as well as overseas and can be evaluated for any 
desired area on the earth’s surface or at altitudes normally used by aircraft. 
This method consists of adding the wind vectors from the layers through which 
the particle will fall and then (with an assumed fall-rate) a fallout plot is 
developed from this. This results in a time-space plot which delineates the 
areas which may receive fallout and the expected time of occurence. It should 
be noted that no attempt is made in this method to forecast levels of radiation 
intensities, relative or absolute. 

Although this method for forecasting the close-in areas which are expected 
to be contaminated by falling radioactive debris does not achieve the accuracy 
and precision ideally desired (because of many unresolved factors, some of 
which are nonmeteorological), its accuracy (+10 to+30 degrees in direction and 
30 to 40 percent in distance from ground zero) is in line with the current 
state of the science. There are no techniques available today which can provide 


more than very generalized answers in a forecast situation involving large 
weapons. 





STareMENT By Cor. B. G. HotzMan* aNp Cor. Norarr M. LULEJIAN,? AR Force 
RESEARCH AND DEVELOPMENT COMMAND 


Question. How does your organization predict fallout, given weapon yield, 


height of burst, type of terrain, and meteorological conditions? How reliable do 
you feel these forecasts are? 





1Born: Los Angeles, Calif., January 25, 1910. 1931: B. S., California Institute of 
Technology. 1933-84: Ph. D., candidate graduate study, California Institute of Tech- 
nology. June 1945 to July 1945: Alamagordo, N. Mex.: meteorological adviser on first 
atomic test. August 1945 to January 1946: Asheville, N. C.: Chief, Research and 
Evaluation Division, Weather Service. February 1946 to August 1946: Washington, 
D. C., and Bikini, Marshall Islands: Atomic bomb tests, staff weather officer, Joint Task 
Force 1. September 1946 to August 1947: Washington, D. C.: Headquarters, air staff, 
research and development officer for atmospheric sciences. September 1947 to June 1948: 
Washington, D. C., Eniwetok, Marshall Islands: Atomic bomb tests, staff, weather officer, 
Joint Task Force 7; executive officer, long-range detection (AFOAT-1). July 1948 to 
June 1950: Washington, D. C.: Chief, Geophysical Sciences Branch, research and develop- 
ment, Headquarters, USAF. June 12, 1950, to August 23, 1951: Washington, D. C.?: 
Chief, Research Division, assistant for atomic energy, headquarters, USAF. January, 
February, 1951: Nevada: Operations consultant to AEC, Nevada ranger, atomic tests. 
August 23, 1951, to June 17, 1952: Washington, D. C.: National War College. June 17, 
1952, to September 1, 1952: Baltimore, Md.: Headquarters, Air Research and Develop- 
ment Command. September 1, 1952, to May 30, 1955: Albuquerque, N. Mex.: Deputy for 
Research and Development, and Chief of Staff, Special Weapons Center, Kirtland Air Force 
Base. May 30, 1955, to present: Baltimore, Md.: Director, Air Weapons, Headquarters, 
Air Research and Development Command. (Submitted by Department of Defense.) 

*Native of Hawthorne, N. J., is a graduate of Coiumbia University (B. S. in 1939) 3 
worked as a research chemist for Ortho Products, Inc., in Elizabeth, N. J., for a period o: 


Footnote continued on following page. 
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Answer. The Air Force Research and Development Command has developed a 
simple method to predict the general area within which fallout may occur. An 
attempt was made for several years to develop a more rigorous treatment of the 
fallout problem; however, this approach was abandoned because of the inherent 
time and space variability of the atmospheric winds which introduces large 
errors in all fallout predictions. It is the opinion of Air Force Research and 
Development Command that in view of the large errors introduced by the 
variability of the winds, it is pointless to attempt a precise model of the radio- 
active distribution in the atomic cloud. The fallout pattern influenced by 
different types of terrain are completely masked by the very large errors intro- 
duced because of variability of the winds. Experience during past atomic-test 
operations has verified the fact that even when zero-hour-measured winds were 
used, thus eliminating all wind-forecast errors, the actual fallout never occurred 
in the exact region indicated by the observed winds. There was «lways a dis- 
placement varying up to 45° of the actual fallout from its calculated position. 
The reason for this is simple. The observed winds are valid over the target 
area for a relatively short time. Fallout may reach a distance of 150-250 miles 
downwind and it may take 6-18 hours for the local fallout to be completely 
deposited on the ground. During this 6-18 hours the winds change both in 
direction and in speed. There is not only this time variation, but also the space 
variation. In other words, the winds aloft over ground zero are not necessarily 
the same as winds 150 miles downwind. Furthermore, the method of measuring 
winds by the use of balloons introduces another serious error because of the 
inability to specify the true wind profile directly over ground zero. 

It is questionable whether the time and space variability of the winds could 
be forecast with an accuracy exceeding +15° in the direction of the winds. An 
error of 15° would spell the difference between an airbase or a city receiving 
either no radiation at all or possibly lethal concentrations of radiation from the 
local fallout of a single weapon. 

We have considered fallout from the offensive and defensive points of view. 
For defensive purposes before we can make any reasonable estimates of the 
local fallout plot we need to know the total yield as well as the fission yield of 
the weapons, height of burst, and coordinates of ground zero. Even with all 
this information it will be impossible to delineate the fallout pattern with suffi- 
cient accuracy to predict whether a given military installation downwind of 
ground zero would receive no, little, or lethal concentrations of radiation. For 
offensive use a further complexity is introduced because most probably very 
little if any reliable meteorological information will be available over enemy 
territory. Therefore, in spite of our knowledge of the yield, height of burst, 
and ground zero on bombs, the fallout pattern over enemy territory would be 
equally if not more difficult to predict. 

When many multimegaton weapons are exploded, the calculation of reason- 
ably accurate fallout patterns becomes even more difficult. The validity of the 
requirement for ascertaining fallout patterns under these conditions becomes even 
more questionable because lethal contamination will occur over large overlapping 
areas regardless of the meteorology. 

However, the above should not be construed to mean that we are unable 
to make generally correct predictions; for instance, as to what countries or 
large areas shall lie inside or outside the dangerous part of fallout patterns 
from distant bursts. A choice of burst height that prevents the fireball from 
touching the earth, essentially eliminates local fallout. 


2 years; entered military service in September 1942, and enrolled as an air cadet in 
meteorology in January 1943 at Grand Rapids, Mich.; received his commission as second 
lieutenant in September 1943; returned from overseas early in 1946 and served with 
Headquarters Air Weather Service until September 1946, after which time he was trans- 
ferred to Headquarters, USAF, in the Pentagon. He left Headquarters, USAF, to enter 
a 3-year course in radiological arn > September 1948; assigned to Headquarters, 
ARDC, in Baltimore since June of 1952. e is Chief of the Nuclear Applications Division 
of the Directorate of Air Weapons. (Submitted by Department of De 


ense.) 
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STATEMENT BY Dr. Donato M. Swrncte® or THE ARMy SIGNAL Corps, Evans, 


S. C., LABORATORY, FOR SUBMISSION TO THE JOINT COMMITTEE ON ATOMIO 
ENERGY 


Question. How does your organization predict fallout, given the weapon yield, 
height of burst, type of terrain, and meteorological conditions? How reliable 
do you feel these forecasts are? 

Answer. 1. The principles of fallout prediction used in the Signal Corps 
method are outlined below : 

(a) The prediction procedure described assumes a surface burst of a 
nuclear weapon. Given the weapon yield, the dimensions of the cloud are 
estimated from a survey of previous test data. (See discussion below.) 

(b) The cloud is split into layers, on the basis of available data on 
particle-size distribution, and the particle sizes in each layer are considered. 

(c) Where each particle size in each part of the cloud will land is deter- 
mined by trigonometry, considering rate of fall and the effect of wind. It 
is assumed that the latest available wind data is representative. 

(d@) Then the ground position of arriving fallout is plotted and overlapping 
contours are added together. 

(e) A meteorological contour analysis of the resulting pattern is made and 
this is analyzed for dose-rate information, 

(f) The time of arrival on the ground of each particle size for each 
original slice is calculated and analyzed for time of arrival and time of 
ending, if wanted, of fallout material. 

(9g) From consideration of the time of arrival and dose rate, the total dose 
for 48 hours is approximated. 

Tn the above procedure, terrain has not been specifically considered. 

2. The effective radiological activity predicted would be affected by the esti- 
mated height of the cloud. The ratio of fission to total yield of the burst will 
affect the estimated dose rates and the total dose. 

3. If the height of the cloud is known, the height to which wind data is 
required is immediately known. Assuming the height of the cloud is not known, 
the height and diameter may be estimated from the meteorological conditions. 
The criterion for estimating the cloud height is the height of the tropopause. 
This is accomplished by adjusting the basic pattern design for location of 
burst and for the season. 

4. The accuracy of fallout prediction is directly related to the accuracy of the 
basic information. The degree of reliability of the several factors and the varia- 
tion of wind with time and space prohibit exacting prediction. The Signal Corps 
is studying the question of attainable accuracy. But data for vertification of 
pattern design is limited. Considering the factors outlined above and when the 
fission to total yield is known, it is hoped to attain fallout prediction within a 
factor of 2 for points within contour lines of 100 roentgens per hour or greater. 

5. The details of a Signal Corps draft method of fallout prediction are being 
reviewed and the method is being modified. Consideration is being given to the 
effect of time and space variations of the wind. The present method utilizes an 
effective wind consideration at the point of burst to be applied throughout the 
pattern computation. 

®* Physicist GS-14. Chief, Meteorological Techniques Secton, Meteorological Branch, 
Physical Sciences Division, Evans Signal Laboratory, U. S. Army Signal Engineering 
Laboratories, Fort Monmouth, N. J. Graduated Theodore Roosevelt High School, Washing- 
ton High School, Washington, D. C., 1939; bachelor of science in math-science from 
Wilson Teachers College, 1943; master of science in meteorology from New York Univer- 
sity, 1947; master of arts in engineering science and applied physics from Harvard Uni- 
versity, 1948; doctor of philosophy in engineering science and applied physics from 
Harvard University, 1950. American Meteorological Society, World Meteorological Organ- 
ization Working Groups, Institute of Radio Engineers, American Geophysical Union, 
American Association for the Advancement of Science, American Institute of Electrical 
Engineers, ad hoe groups under established coordinating agencies. Professional engineer 
in States of New York and New Jersey. During World War II participated in the first 
modification of existing radars for the specific purpose of weather observation. He has 
been intimately connected with later development of equipment and the development of 
radar techniques for observations of storms, precipitation areas, and other specialized 
parameters. Techniques concerned with local meteorology of particular importance to 
Army operations is another concern of his. Leading Army scientist concerned with methods 
of predicting fallout. His present efforts are directed toward a practical field method of 


prediction which will lead to information of sufficient detail for Army use. (Submitted 
by Department of Defense.) 
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May 24, 1957, 


TECHNICAL PRESENTATION FOR THE JOINT COMMITTEE ON ATOMIC ENERGY HEAR- 
INGS ON THE SuBJEcT, THE NATURE OF RADIOACTIVE FALLOUT AND ITs EFFECTS 
ON MAN, May 27-29 ann JUNE 3-7, 1957 


Specifically on~— 


Topic VI. Atmospheric Transport, Storage, and Removal of Particulate Radio- 
activity 

Topic VII. Local Fallout 

Topic VIII. Delayed Fallout 


Submitted by James G. Terrill, Jr.,* Chief, Radiological Health Program, Divi- 
sion of Sanitary Engineering Service, Public Health Service, United States 
Department of Health, Education, and Welfare 


VI. ATMOSPHERIC TRANSPORT, STORAGE, AND REMOVAL OF PARTICULATE RADIOACTIVITY 


Public Health Service fallout activities have emphasized the collection of data 
on the actual exposure of people which data can be used to modify operational 
procedures to reduce the exposures and to serve as a basis for studying possible 
chronic radiation effects. 


B. Local fallout 


Local fallout is initially of concern as an acute external gamma or beta irradia- 
tion hazard. For this reason our off-site radiological safety operations in Nevada 
and in the Pacific are based on external gamma readings obtained with portable 
survey instruments. This system of operation is based on the assumption that 
beta concentrations during this period are substantially in proportion to the gam- 
ma intensities. This assumption has been confirmed, in general, by results of 
beta measurements of air samples collected during the fallout periods in Nevada. 
Local fallout may, and has become of concern as an internal beta emitter after its 
decay to a level at which the gamma irradiation is no longer of concern from 
the standpoint of acute effects. Up to this time the Service has not attempted to 
measure alpha concentrations in local (or delayed) fallout although the amounts 
are presumed to be low. 

A report of local fallout sufficiently detailed to be used for public health pur- 
poses is the Report of Off-Site Radiological Safety Activities from Operation Tea- 
port conducted at the Nevada test site in the spring of 1955, prepared jointly by 
the Las Vegas Branch Office of the Atomic Energy Commission and the Public 
Health Service." Comments concerning the predictability of local fallout and 
observed patterns of local fallout will be based on this report. 

The Teapot report outlines Public Health Service responsibilities and the sup- 
porting services, including air support, provided by other agencies. 

Data gathered during this operation make it possible to: 

1. Compare predicted fallout with the fallout as it actually occurred; 

2. Compare the radioactive cloud path with the deposition of activity on 
the ground; and 

3. Report on observed patterns of local fallout in terms of external gamma 
radiation. 

1. The predictability of local fallout—Fourteen devices were detonated during 
Operation Teapot. In reviewing the data on predicted and measured fallout from 
these detonations, it was found that in 5 cases the prediction is in substantial 
agreement with measured fallout, while in 6 cases the actual deposition of fall- 
out was significantly at variance with the prediction. Three devices were air 
detonated and no fallout prediction per se was used. Chart I illustrates a case 
where the fallout prediction compares favorably with the fallout which actually 
occurred. Chart II shows a typical deviation from the predicted fallout, while 
chart III shows a major deviation from the prediction.* 





* Graduated from the University of Cincinnati in 1937 with a degree in efvil engineering. 
Studied public health engineering at the Massachusetts Institute of Technology Graduate 
School from 1938-41. Since 1941 he has been active in the Public Health Service. Par- 
ticipated in the first Bikini tests. During the period 1948-51 he studied radiological 
defense under the sponsorship of the Armed Forces special weapons project at the U. 8S. 
Navy Postgraduate School and the University of California. He participated in and 
directed the Public Health Service activities related to the Nevada and Pacific test opera- 
tions during 1953-57. Active in radiological committees of the American Society of Civil 
Engineers and the American Public Health Association. Member of the National Com- 
mittee on Radiation Protection and the Nuclear Standards Board of the American Stand- 
ards Association. Presently chief of the radiological health program, Division of Sanitary 
Engineering Services, Public Health Service. (Submitted by witness.) 

1 Report of Off-Site Radiological Safety Activities, Operation Teapot, Nevada test site, 
spring 1955. 
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It should be emphasized that these data are for gamma radiation only and 
represent only particulate material fallen from the cloud. They do not take into 
account isotopes, such as iodine, that may be in a gaseous form and may 
not follow the fallout pattern. We plan to study this as well as other problems 
related to fallout exposure during and following Operation Plumbbob as a part 
of our off-site operation carried out under agreement with Albuquerque Opera- 
tions Office of AEC. This work also has the concurrence of the Division of 
Biology and Medicine of AEC, 
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Data from this report also indicates that cloud tracking with planes will gener- 
ally give only an indication of the direction of fallout and cannot be relied upon 
for precise knowledge concerning deposition on the ground.* Most of the time 
it will give an idea of the direction from the point of detonation in which the fall- 
out will occur, but this is not always the case. For public health emergency 
action it is not possible to depend entirely on cloud tracking as this will not 
always result in a reduction in exposure. 

2. Observed patterns of local fallout.—A good deal of data has been obtained 
in the off-site area surrounding the Nevada test site from which fallout patterns 
can be developed. Charts I through III show such patterns for individual shots. 
The Teapot report contains a similar map which shows the cumulative fallout 
for the entire Teapot series and a tabulation of doses calculated in two ways for 
populated places in the area.’ 

To supplement these data calculated from meter readings, use was made of film 
badges.’ Film-badge stations consisted of the following categories: 171 worn 
by residents in the off-site area; 106 posted in populated areas; 152 inside and 
outside schools; and 126 at nonpopulated points in the off-site area. Data from 
these film badges is contained in the Teapot report. In general they agree favor- 
ably with computed data and have the advantage of comprising a permanent 
record of exposures. 

A comparison of the data from the film badges indicate that the dosage received 
by inhabitants in a particular area is less than the dose indicated for that area 
as measured by the same method. Approximately 94 percent of the dosages 
measured on people were within the 0 to 100 mr. range while only about 57 
percent of the film badges posted in the populated areas indicated exposures below 
100 mr.” 

The use of film badges, particularly on individuals, {s being expanded during 
Operation Plumbbob. We are also supplementing monitoring instrument read- 
ings and film badges with recc ording instruments that will give us a continuous 
record of gamma radiation levels in a number of the populated areas, 

Data on local fallout obtained by the Public Health Service during any Pacific 
test series is much more limited than is the case in Nevada. During Operation 
Redwing the Service had personnel on the populated atolls of Utirik, Ujelang, 
and Wotho adjacent to the Pacific Proving Grounds to maintain a record of 
radiation levels and initiate any necessary action to minimize exposure of the 
natives to radiation. Data was also obtained from a weather station on Rongarik 
Atoll and at JTF7 headquarters. Computed infinite doses from fallout due to 
Operation Redwing are as follows: 


Mr. 
ean AO oe on ees hada naan ann oe arn eeee 2 £6 
WOON PANN ha nd octane ee eee ee 50 
TT TI i i cist cea a lslechnsns e  a eS E a 620 
ROHAN (RRO 65S i gaia 850 


These figures are subject to the same qualifications as in the case of reported 
figures from Operation Teapot. 

An attempt was made to supplement instrument readings on the populated 
atolls with film-badge data, but, due to technical difficulties which were not over- 
come until near the end of the operation, these data are incomplete and 
inconclusive.* 


C. Intermediate and delayed fallout 


Intermediate and delayed fallout are at concentrations and of ages to make 
them of little or no significance from the standpoint of acute external gamma 
exposure effects, but make them of relatively greater importance as internal 
beta emitters and with respect to the long-range biological effects. With the 
assistance of AEC, in 1956 and 1957, a routine system of sample collection and 
reporting in cooperation with State departments of health has been established, 
Our nationwide radiation surveillance network measures beta activity of par- 
ticulates collected from air samples. Data from this network may be used to 
indicate the concentrations of radioactive materials which could expose humans 
to direct and indirect internal radiation hazards. Daily ambient gamma read- 
ings are also taken on a Geiger counter type of survey instrument, 


1See footnote, p. 328. 
* Unpublished report, Radiation Exposures Received on Populated Atoll as a Result of 
Operation Redwing. 


*Unpublished report, Report on Experimental Film Badge Study During Operation 
Redwing. 
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Two references describe the collection and measurement of radioactivity deriv- 
ing from the troposphere.** The Public Health Service, for a number of years, 
has been developing methods which assist the States in determining environ- 
mental radiation levels and interpreting those data in terms of Public Health 
significance. 

Reference 4 summarizes the results of this operation and demonstrates the 
increasing amounts of fallout found in the United States from our, and foreign, 
nuclear tests. Reference 5 presents a more detailed study, principally in relation 
to rainfall, in the Cincinnati, Ohio, area. 

Radioactivity in air, at any one location, is a daily variable and cannot quanti- 
tatively be predicted from a knowledge of test schedules. For public health 
evaluation there appears to be no substitute for routine measurement techniques. 
Deposition on the ground, to a large degree, is related to rainfall. Distribution 
of radioactivity, geographically, is then largely dependent upon local topography 
and meteorology. Rainfall may contain much more activity than do the surface 
waters which are fed by the rainfall. The protective factors offered by the 
watershed may give as high as 90 percent removal of gross radioactivity. 

Fallout from many nuclear tests is now always present in the air we breathe 
and the water supplies for ourselves, our animals, and our plants. Since there 
are many variables it is necessary to make measurements and keep records on 
those factors in the environment which directly affect man in order to make a 
public health evaluation of the hazards. 


VII, LOCAL FALLOUT! THE MECHANISMS BY WHICH IT CAN AFFECT MAN AND THE 
MEASURES HE CAN TAKE TO MINIMIZE EXPOSURE 


B. Shelter and shielding and their effects 


By the nature of the radiation involved, {t has been observed that persons can 
protect themselves from the acute, external effects of the beta component of fall- 
out simply by staying under cover at the time of fallout so that none or little 
falls on them. Virtually direct contact with the skin is necessary to produce 
beta burns. We have also observed that remaining in a building will provide 
some protection from gamma radiation as a result of the shielding effect of the 
structure and the distance from the fallout afforded by being in the building. 

Some data on the gamma exposure protection afforded by this means was 
obtained during Operation Teapot by placing film badges inside and outside of 
school buildings.* A tabulation of the results is given in the Teapot report. 

The significant feature of this data is the apparent protection offered by the 
school buildings. The upper exposure limit is reduced by a considerable factor 
on a gross basis and while about 95 percent of the inside exposures fall within 
the 0-100 mr range, only about 79 percent of the outside badges are below 100 mr. 

During Operation Plumbbob the Service is going to attempt a much more com- 
plete documentation of the shielding effects of buildings. Film badges will be 
placed inside and outside of several different types of buildings and at several 
locations within the buildings. Film badge data will be supplemented insofar 
as possible with data from recording instruments which will give a continuous 
plot of time versus intensity of gamma radiation. 

C. Other immediate emergency measures that can reduce hazard 


The Public Health Service has operated under radsafe criteria in the Pacific 
and in Nevada which illustrate the type of emergency action which may be 
taken in the event of unexpectedly heavy fallout.*® These were devolped jointly 
with JTIF7 and the Nevada test organization respectively. 

Both of these criteria recommend remaining indoors or under cover during 
periods of fallout to avoid direct contact with falling or settling radioactive 
particles. If exposed to fallout, personal decontamination is recommended 
including dusting and shaking off or laundering clothes and bathing with 
particular attention being given to washing under the arms, the groin, face, 


and hair. Covering of food and water to prevent ingestion of fallout particles 
is recommended. 


‘0 “A Brief Review of the Public Health Service Radiation Surveillance Network, May 22, 
957. 

® The Distribution of Radioactivity From Rain, by L. R. Setter and C. P. Straub, presented 
at the American Geophysical Union Meeting, April 29—-May 1, 1957, Washington, D. C. 

* Radsafe Emergency Instructions for Populated Islands, 
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An emergency measure recommended in the Pacific is to stand in the lagoon 
immersed as far as possible in the water while continuing to wash off exposed 
portions of the body. This recommendation is based on the fact that the fallout 
settles from the surface and allows water to attenuate the radiations. This 
fact has been checked in the field by PHS personnel. 

In extreme emergencies, evacuation of contaminated areas may be indicated. 
This procedure is practical only if the evacuation will result in lower exposures 
than would result by staying within a shelter and if the location and intensity 
of the fallout pattern is known so that persons will, in the least possible time, 
be moved to areas of lesser contamination rather than into an area of higher 
contamination. 


D. Dose and dose-rate versus time 


During Redwing the PHS collected data at intervals ranging from once daily 
to once each hour with a gamma survey instrument at each of the atol’s of 
concern.” 

This data shows a phenomenon that has not, to our knowledge, bee: dis- 
cussed to any great extent and that is the fact that, in the case of the lirger 
weapons, the arrival of fallout may be extended over a period of several hours. 
Thus, although the fission products are decaying, this not apparent because of 
the continued arrival of new fallout. Typically, the radiation intensity will 
build up quite rapidly to a maximum, remain at or near this maximum for a 
period of several hours, and then start to decrease slowly. Thus a significant 
amount of exposure may be received before apparent decay starts. 


VIII, DELAYED FALLOUT 


A. The relative importance of internal emitters compared with external radiation 
in general for the long-run fallout situation 


Elsewhere in our presentation mention has been made of the Public Health 
Service surveillance programs for air, Water and milk. From the data which 
the Service has collected, and from other published information, we are following 
the obvious conclusion that, especially in relation to fallout, we must develop 
the trends of the amounts of internal emitters in man’s environment and in his 
food chain. Because of the masking effect of natural background, external 
exposure effects relatable to fallout appear to be small in long-term potential 
when compared to the probabilities of accumulative buildup of internal emitters, 


B. Deposition on and migration in soil and transport by surface waters 

A number of Public Health Service studies are directly associated with the 
problems of migration and transport. Specific reference is made to the coopera- 
tive studies on high level radioactive waste performed by our staff from the 
Robert A. Taft Sanitary Enigineering Center at Oak Ridge National Laboratory.’ 

In relation to the problem of transport in surface waters, background and 
operational studies made by the PHS at the Columbia and Savannah River 
systems have a direct bearing, and provide research support data.® ® 


D. The effect of fallout on water supplies for human, agricultural, and industrial 
use 


The Public Health Service has studied efficiency of normal water-treatment 
methods for the removal of radioisotopes from water supplies, and has made 
observations on the natural protective mechanisms.” 

Depending, of course, on the exact nature of the radioactive compounds water- 
treatment methods offer limited protection. The degree of protection is on the 
order of 10 percent to 98 percent removal, or a decontamination factor ranging 
from 1.1 to 50. 

The protective factors found in nature such as removal in watershed areas, 
are also within this range.° We have observed that in order to achieve removals 
of a much higher degree, as might prove necessary in the event of massive fallout 
during time of war or nuclear accident, the potential cost of effective water 


TORNL 1684, Radioactive Waste Disposal Research, by R. J. Morton et al., sec. I-60, 
Health Physics Division Semiannual Program Report, for period ending January 81, 1954, 

8 Columbia River Studies. 

® Interim Report on the Savannah River Studies, July 1951-July 1952. U.S. Department 
of HEW, Public Health Service, 1954. 

1 Limitations of Water Treatment Methods for Removing Radioactive Contaminants, 
by C. P. Straub, Public Health Reports, No. 70, 897 (1955). 
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treatment, such as ion exchange removal, increases tremendously. The require- 
ments in treatment materials in quantity alone is probably prohibitive. At the 
present time we cannot state that modern water-treatment methods applicable 
to the general population offer substantial protection against fallout. 
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Report OF OFF-SITE RADIOLOGICAL SAFETY ACTIVITIES—OPERATION TEAPOT, NEVADA 
Test SITE, Sprine, 1955 


Prepared for the Test Division, Santa Fe Operations Office, United States Atomic 
Energy Commission; prepared by J. B. Sanders, Branch Manager, Las Vegas 
Branch Office, AEC; O. R. Placak, Off-Site Radiological Safety Officer, PHS; 
M. W. Carter, Deputy Off-Site Radiological Safety Officer, PHS 


PURPOSE 


The purpose of this report is to present a concise summary of off-site rad-safe 
activities during Operation Teapot and to serve as a source of information to 
interested AEC and health agency personnel. All pertinent data necessary to 
evaluate the exposure effects of the operation in populated areas are included. 
In the interests of brevity, selected data only are given for nonpopulated areas, 
Complete monitoring logs and detailed film badge results covering these areas 
are, however, available from the files of the Las Vegas Branch Office, AEC. 


PLAN OF REPORT 


This report is composed of the following general sections : 

1. AEC radiological criteria for the protection of the public. 

2. Off-site Rad-Safe Organization, 

3. Methods and equipment used. 

4. Public relations. 

5. Résumé of individual shots are also included. 

These individual sections cover the following materials: A summary of moni- 
toring runs and dosages, airway closures, cloud tracking, and low-level terrain 
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surveys; a table which includes the dosages at all populated places where the 
external gamma dosage rate reading was greater than 0.1 mr/hr. and selected 
values in nonpopulated areas such as the maximum dosage and the dosage at 
points where the fallout crossed main highways; maps of fallout prediction, 
cloud tracking, low-level terrain survey, and ground-survey data. 
6. Summaries. 
In addition to the above, the following summaries and maps are included: 
Integrated dosage for populated areas. 
Film-badge data. 
Milk-sampling data. 
Water-sampling data. 
Air-sampling data. 
Maps: Integrated dosages from survey data. 


1. AEC RADIOLOGICAL CRITERIA FOR THE PROTECTION OF THE PUBLIC 


The Division of Biology and Medicine accepted the responsibility for estab- 
lishing such criteria and procedures as were deemed necessary by the Atomic 
Energy Commission to protect the health and welfare of the general populace 
from the consequences of tests at the Nevada test site. The operational pro- 
cedures adopted during Operation Teapot to meet these criteria were the respon- 
sibility of the Test Manager and were carried out by the Off-Site Rad-Safe 
Organization, under the direct supervision of the Support Director. 

The basic criterion was that the whole-body gamma effective biological dose 
(EBD) for the off-site population should not exceed 3.9 roentgens over a period 
of 1 year. This total dose may result from a single exposure or a series of 
exposures. 

The effective biological dose is an estimate of the biological damage dose taking 
into account the length of time for delivery of a given dose and the reduction of 
dose due to (a) shielding afforded by buildings, and (b) the process of weathering. 

The EBD, as computed from integrations of dose rate readings, is the sum of 
three-fourths of the maximum theoretical radiation dose from time of fallout to 
15 days later and one-half of the maximum theoretical dose from the 15th day 
to 1 year. 

Values of gamma dose rate readings that will satisfy this criterion for 
particular situations are given in graphs I, IJ, and III. 

Personnel should be requested to remain indoors with windows and doors 
closed when the gamma dose rate reading, measured by a survey meter held 
3 feet above ground, reaches the values given in graph I at the times indicated. 

Personnel decontamination should be practiced when the gamma dose rate 
readings, measured by a suryey meter held 4 inches from the contaminated area, 
equals or exceeds the values given in graph IT. 

Vehicles should be cleaned inside and out when the gamma dose rate readings, 
measured by a survey meter held 4 inches from the surface, equals or exceeds 
the values given in graph III. 

It is recommended that when the predicted fallout across a main highway will 
be equivalent to a 10 roentgen infinity gamma dose or higher, that vehicles will 
be held until after fallout has essentially ceased. 

The above criteria do not apply to domestie or wild animals since levels of 
radiation which would be significant to them would have to be higher than 
those specified. 

A more complete discussion of criteria is contained in a Division of Biology 
and Medicine, AEC, publication entitled “Atomie Energy Commission Radio- 
logical Safety Criteria and Procedures for Protecting the Public During Weapons 
Testing at the Nevada Test Site” dated February 1955. 


2. OFF-SITE RAD SAFE ORGANIZATION 


Off-site rad safe operations were a responsibility of the Test Manager and 
the Support Director, and were directed by the Deputy Director for Support, 
who was the Off-Site Operations Chief, and the PHS officer in charge, who was 
the Deputy Off-Site Operations Chief. 

The various functions of the Off-Site program as outlined in the scope of 
work immediately following were carrie] out by personnel from the AEC, PHS, 
DOD, Reynolds Electrical and Engineering Co., and Silas-Mason Co, 
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Scope of program 


The off-site rad safe program dated January 10, 1955, was designed to 
accomplish the following objectives : 

1. To accurately delineate the duration and extent of the fallout pattern as 
determined by ground surveys. 

2. To verify the above by low-level terrain surveys using aerial monitoring. 

8. To determine, by aerial tracking, the intensity and direction of the radio- 
active cloud. 

4. To determine the actual exposures to people and livestock, by the above 
methods, by film-badge exposure records and by air, milk, and water samples. 

5. To obtain data, at points close to the Nevada Test Site, to improve the 
formulae used in fallout prediction. 

6. To conduct a continuing public relations and education program. 

7. To record, map, and report the data obtained. 


Responsibilities of various agencies 


Atomie Energy Commission: The AEC was responsible for the overall admin- 
istration of the program and of the work of other agencies outlined in more 
detail below. This includes policy decisions, budget requirements, procurement 
of materials and supplies, and all other support requirements. 

Publie Health Service: All ground monitoring crews were composed of regular 
and reserve PHS personnel with the exceptions noted under Silas Mason Co. and 
Los Alamos Scientific Laboratory employees W. S. Johnson and C. P. Skillern, 
who assisted in prior planning and during the first five shots. 


This group was directly responsible for accomplishing the objectives set forth 
in items 1, 4, 5, 6, and 7. 
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Department of Defense: This agency supplied and maintained the survey 
instruments used and also supplied and processed all film badges. 

Additionally, air support was furnished for low-level terrain survey and 
cloud-tracking purposes. 

Reynolds Electrical & Engineering Co.: This organization furnished support 
facilities including procurement of supplies and services, stenographic and com- 
munications personnel, maintenance of laboratory and automotive equipment, 
and other necessary items. 

Silas Mason Co.: Personnel were furnished for plotting and mapping of the 
data obtained. Four Silas Mason employees were used in monitoring operations 
at Lincoln mine and other areas near the Nevada test site. 


Organization and operation of ground and air support units 


All of the data for determining the effects of the operation in off-site areas 
were obtained by these units. Consequently, the method of organization and 
operation of these units is given, in some detail. The following discussion 
excludes one important feature, public relations, since this is the subject of a 
subsequent section. 

Offsite ground units: These teams were composed of regular and reserve 
USPHS personnel. Originally, there were 33 positions filled, although in the 
late stages of the operation the number of men available was reduced to 20. 
Including replacements, a total of 66 men were used. 

The offsite rad safe plan established areas of local responsibility. Twelve 
of these zones were organized, each with a zone commander and the additional 
personnel required for successful operation. Within an assigned area the zone 
commander was responsible for public relations, dissemination of information, 
reporting grievances, collection of samples, placement and collection of film 
badges, and normal monitoring in the absence of specific instructions from 
headquarters. 

The location of the various zone headquarters with personnel (at full com- 
plement) and vehicular requirements are shown in the following tabulation. 
The laboratory personnel and unassigned monitors at Mercury who could be 
dispatched to areas of greatest concern are indicated. 





Vehicles 


Vehicles 





Zone headquarters Per- Zone headquarters Per- 


Radio} Non- 
radio 








1, Tonopah, Nev....-...--..- 2 b Deets, POE. cscccscas 2 OR ss 

2 MeGUry,. NOY ccc acacceus 1 | be INOW a ccduceneeene 2 Soa 

3. Las Vegas, Nev.......... 1 a. Me SN et wakakeSedson 3 1 1 

4. Glendale, Nev......-..-- 2 Eureka, Nev............. 1 Sis 
Mesquite, Nev-_-.......-- 1 . Lincoln mine (Tem- 

5. St. George, Utah_.......- 2 DEMGG), INGV . ccdncccccc. 2 1 1 

6. Cedar City, Utah.......- 2 Dass Headquarters..............-- 4 Beta? 

7. Beaver, Utah... ..<.ccce 2 R iiccuas Unassigned monitors at 

8. Alamo, Nev-........-....- 2 Uses headquarters............... 4 OA cca 





A complete roster of all off-site personnel is contained in appendix I. 

Off-site communications were maintained by telephone and radio, telephones 
being used only when the radio network was not operating. This dual system 
of communications operated well and satisfactory contact with field personnel 
was maintained. 

The radio net was composed of a net control station at Mercury, fixed and 
semifixed relay stations and mobile receiving and transmitting sets in the 
monitoring vehicles. The semifixed stations were mounted in trailers and could 
be relocated as required by a particular operation. The normal period of 
operation was from 0800 to 1600 each day. Operation subsequent to a shot was 
continuous until the all-clear announcement by net control. 

The type, normal location, and personnel of the radio net at the start of the 
operation are given in the following tabulation. 
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Type station Base station Number of 
personnel 

(Ceetnet eiatiats cs cicciuiiguictaunnmadiaaaeal I a iaisiiscatinsssiiennipleisineall 2 
NG os iccccnusdcsaeassaccebeneudedaamaaued SING INOW an pdnncocccnadabotadusued 2 
Wi idscdsdacdccoghicintassatinnateaeaen OE Get BGG. his dd ctenincconccowst 2 
Divind cistecists Satins cteibginasdaaaeaamatiee eee SS eae 2 
I sc cmitnaceeksaenmwuncon cbnus gage aiee Sunnyside or Warm Springs, Nev--.-- 1 
TO. cctcsdwasncedadisecscucunuasseueaeheaaee CE, POOE S. deibdcncncaccedonuaees 2 
DID: .accqndakd charbbucbadeneaieamaaaal DI TINIE s 5 igincicnsinisbincnitinshininbiagis 2 

Wins ntdidaxnectdedvinaciasakassivoncammaenal ON 2 

TO Sircatintision saduniedaeaiaenameaen i, ea Pe 2 
TOG ackccclt chdndnakawesadadadaddaddnatcaetes Me ROM Sccnciathees eed dncdiceemibeemain nae 2 

Dib iis tine tnsccktwnecicheni aad Eureka or Geyser, Nev..-..-...-------- 2 





A normal abbreviated sequence of events for ground monitoring operations 
follows: 


Preshot: 
1. Decision to proceed tentatively at evening weather briefing. 
2. Field stations alerted—background samples started. 
Radio stations and unassigned monitors dispatched as required. 
Decision to proceed confirmed at early morning briefing. 
Additional monitors dispatched as required. 
Special preparations made, such as for roadblocks and evacuation. 
7. Monitors advise people in their area. 
Postshot: 
8. All roads and populated areas in fallout area monitored as directed by 
headquarters. 
9. All other monitors operate in manner prescribed in general instructions. 


10. Monitoring of roads discontinued when no further information can be 
obtained. 


D+1 following day: 
11. Remonitoring performed as required. 
12. Air samples, milk and water samples were collected as required. 
13. Samples and data dispatched to laboratory for processing and counting. 
14. Film badges collected as directed by headquarters. 
15. Complaints and grievances investigated. 
16. Field men continle public relations program. 
17. Headquarters prepares report of the operation. 


Off-site air support unit: This unit was staffed by Air Force personnel and 
including replacements was composed of approximately 20 airmen. The mission 
of the unit was: 

1. To make low-level terrain surveys along the path of the fallout follow- 
ing a shot, and preshot reconnaissance surveys to check isolated areas for 
persons or animals. 


2. To track the radioactive cloud or clouds at various altitudes and to 
record and plot the data obtained. 

3. To assist the CAA in directing closure of airways in which a radiation 
hazard might develop based on preshot predictions and to recommend neces- 
sary changes based on actual cloud-tracking operation following a shot. 

The aircraft assigned to the unit and their functional use are tabulated below. 
The detection devices used were T-1B and MX-5 type instruments. The air-to- 
ground conversion curve is shown as graph IV. 
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Type of aircraft Number Use 
available 
OE vicdincdannnaccdatwiennciccseesaenie 2 | Low level terrain surveys at 200 to 600 eet. 
DU at re ie atk ee ee eee 1 | Cloud tracking, 10,000 to 15,000 feet. 
BOO cian wcuccisus conacdnwekutcenseauaswo 1 | Cloud tracking, 20,000 to 25,000 feet. 
BaP ONs ables adtakebeeuel bs ee 1 | Cloud tracking, 27,000 to 32,000 feet. 
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A brief résumé of the technique of low level terrain survey and cloud tracking 
operations follows: 


Low level terrain survey 


Prior to the initial shot a terrain survey was conducted on D-1 for the purpose 
of locating persons and/or animals in the vicinity of the test site. On subsequent 
shots, the D-1 survey was conducted only upon request of the offsite operations 
chief or when reports indicated new concentrations or considerable changes in 
known livestock locations. Information was kept current by noting such positions 
whenever a low level survey of any type was flown. 

On shot day, after sufficient time had been allowed for the fallout to occur, 
a low level mission was flown to delineate the fallout zones. To accomplish this 
mission, the aircraft was initially maneuvered to a point near ground zero to 
cross the suspected fallout zone at an angle of about 90°. From this starting 
point the fallout path was repeatedly crossed at altitude varying from 200 to 
600 feet above the terrain, the interval between successive crossings varying 
from 3 to 10 miles, depending on the local terrain features. If possible, an 
altitude of about 300 to 500 feet above the terrain was maintained, since these 
proved to be the best operating levels for accurate readings on the radio altim- 
eter. Since the conversion of the air reading of the radiac meter to a corre- 
sponding surface reading is dependent upon the altitude of the aircraft above 
the terrain, it was necessary that this factor be known as accurately as possible. 
In converting these readings, correlation curve (graph IV) was used. This 
curve was plotted from data obtained by flying a C—47 at various known alti- 
tudes above areas with known radiation intensities. The correlation between 
readings obtained by air surveys and those obtained by ground monitors was in 
reasonable agreement throughout the operation. The aerial survey proved 
invaluable in obtaining data in regions inaccessible to ground parties, thereby 
making it possible to more completely determine the actual fallout patterns. 
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Cloud tracking 


In order that the tracking aircraft could avoid deep penetrations of the cloud, 
the cloud was approached from one side at an angle of approximateiy 30° until 
a reading of 10 mr/hr or higher was obtained on the radiac meter. At this point 
the aircraft was turned out of the cloud as sharply as possible, and the cloud 
approached again at a different point, in this case the suspected leading edge. 
This procedure was repeated throughout the mission, with the result that the 
successive positions of leading edge and the two sides of the cloud were deter- 
mined and provided a definite cloud track when plotted on a map. The cloud 
was tracked either until it had dispersed to such an extent that it no longer 
followed any particular direction or until the tracking aircraft had to return to 
base for operational reasons, 


3. EQUIPMENT AND METHODS 


Equipment was selected, located, and operated in such a manner as to insure 
maximum effectiveness in the collection of physical data pertaining to: 

1. Surface levels of activity (normally, 3 feet above ground level), as 
determined by the use of survey meters. 

2. Concentration of airborne activity. 

3. External gamma dose received by persons and places by the use of film 
badges. 

4. Activity contained in milk and water. 

Each of these procedures is described in the following paragraphs, as the 
methods for sampling fallout have not been standardized. Detailed operating 
procedures along with data forms were prepared and distributed to all personnel 
during their briefing and orientation period. These written instructions con- 
tained general background information which augmented their usefulness as 
routine operational guides. 

1. Surface radiation levels.—Portable monitoring (survey type) instruments 
were used to measure radiation intensity. These rates, along with other perti- 
nent data, were then used to calculate the gamma dosage received at a particu- 
lar point. Each monitoring vehicle was supplied with 4 survey instruments, 
2 MX-5’s and 2 Tl1-b’s (range 0 to 20 mr/hr and 0 to 50 r/hr respectively). 
Measurements of gamma only were made at hip height above terrain. 

Instruments were checked and calibrated before issue. Periodic calibrations 
were made on each instrument in the field with the minimum calibration period 
being before and after each detonation. Cobalt 60 sources were used for 
calibration both at headquarters and in the field. 

During monitoring runs, the instruments in use were left “on” and monitoring 
was performed from inside the vehicle as long as background only was en- 
countered. General readings were recorded at a maximum of 10-mile intervals. 
When the level encountered was twice background, monitoring was done outside 
and at least 25 feet from the vehicle. More frequent readings were then taken 
dependent upon the levels encountered. Distances were quite important as 
measurements were found to vary significantly between points which were less 
than one-tenth of a mile apart. 

In general, it was possible to have at least one monitoring team in an area 
during fallout. Such being the case, the time of fallout at this particular point 
could then serve as a basis for estimating fallout times in other areas. This 
data is necessary to accurately calculate a radiation dose using intensity values 
obtained from survey meters. 

Intensive monitoring was conducted during the early stages of fallout to de- 
termine as soon as possible the pattern and the intensities in populated areas 
and at strategic places such as major highways. Remonitoring was performed 
to be sure fallout was complete, and to obtain measurements using different 
instruments operated by different individuals. Monitoring was continued until 
it was thought no further useful data could be collected or because another 
detonation was imminentiy scheduled. It was necessary in a few instances to 
compromise slightly between completing today’s shot activities and preparation 
for tomorrow’s shot. 

2. Airborne concentrations.—Staplex high volume air samplers were used with 
an MSA comfo-all dust filter for the collection of airborne contaminants. The 
rate of flow was in the range 1.1 to 1.3 cubie meters per minute. The standard 
sampling period was 28 hours beginning at shot time. Background samples, 
however, were run prior to each shot, The 28-hour sampling period included 7 
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filter changes ranging from time periods of 1 to 16 hours. More frequent changes 
were made when fallout occurred or when the flow rate decreased appreciably. 

All filter samples were returned to the laboratory for gross beta counting. 
Proportional counters in conjunction with Sr-90+Y-90 standards were used 
for laboratory counting. For purposes of calculation, activity measured was 
extrapolated to midcollection time. The method of calculation resulted in a 
visual presentation of fallout pattern and distribution. Air activity concentra- 
tions were finally expressed as total microcuries per cubic meter of air averaged 
over the sampling period. 

Approximately 230 individual filter samples were collected and counted fol- 
lowing each detonation. 

3. Film badges.—DuPont film packet type 559 film badges, consisting of two 
film components (type 502 and type 606), were used. The badges were placed 
in communities, along highways at 10- to 15-mile intervals, in strategic desert 
locations, on representative people in various towns and ranches, and in all 
known schools in the off-site area with the exception of the Las Vegas school 
system. At schools, badges were placed inside the building, outside, and usually 
on at least one member of the faculty. 

Personnel badges were clipped on, while the “area” badges were mounted 
with either masking tape or placed in glassine envelopes which were tacked to 
a post, tree, or building. Of course, the badges themselves were sheathed in a 
watertight plastic envelope. 

Badges were changed at frequent intervals. The collected badges were re- 
turned to the laboratory and the dosage calculated by comparing their net 
optical density to that if similar film packets exposed to a CO-60 standard. 

Approximately 600 film badges (per change) were in place at the various 
stations before, during, and following the test series. Using this procedure, 
data are available on background; incremental additions of activity; overall 
exposure during the time period covered; the effect of certain structures on 
reducing gamma radiation; and, by comparison with dosages calculated from 
monitoring readings, the effectiveness of survey meters for obtaining informa- 
tion from which dosages are calculated. 

4. Activity contained in milk and water.—Milk samples were collected from 
selected herds in each zone, from retail stores, from all processing plants in the 
off-site area, and any herd which was thought to be affected by fallout. Such 
a program should reveal the maximum activity contained in milk as well as 
the average levels to which the general population would be exposed. Samples 
were collected periodically with enough flexibility in sampling to insure adequate 
samples to define any given situation. 

Water samples were collected from surface and subsurface water supplies, 
irrigation canals, and stock-watering ponds. Specific sampling stations were 
established and sampled routinely. Here again, samples were taken from 
any watering point which could possibly be affected by fallout. 

The first sets of water and milk samples were collected prior to the start of 
the series. After assay, these data were used as the normal background radia- 
tion level. It could then be determined if the series produced contamination 
and the magnitude of such contamination. 

Milk and water samples were sent to the laboratory for assay. Yet ashing, 
using nitric acid and hydrogen peroxide, was the method of sample preparation. 
Residues were transferred to counting dishes; a wetting agent added; dried 
under infrared lamps; and counted in proportional counters. Sr-90+Y-90 
standards were used. The results are presented as microcuries per milliliter at 
the time of collection and/or the time of fallout. 

5. Personnel monitoring.—Every person actively engaged in the off-site pro- 
gram was supplied with Du Pont type 559 film packet and a 1 roentgen Cam- 
bridge dosimeter. The dosage recorded by the film badge was used as the offi- 
cial record exposure, as required by the test manager. The dosimeter was to be 
used for information of use to the individual and not as a part of the official 
record, 

b. Laboratory equipment.—Laboratory equipment consisted of four propor- 
tional counters which were fed methane gas. Three were connected to count 
rate meters and Esterline-Angus recorders while the fourth was connected to a 
decade scaler. The probes and sample housings were specifically designed to 
accommodate the type samples collected. 

Two of the probes were used with a scanning device which enabled the count- 
ing of up to 100 micocuries on a single sample, These arrangements were used 
on the more active air samples. 


93299°—57—pt. 123 
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All laboratory counting equipment was designed and built by the instruments 
division of the Los Alamos Scientific Laboratory in Los Alamos, N. Mex. 


4. PUBLIC RELATIONS 


It was recognized that adequate public relations is necessary to the success- 
ful operation of the Nevada test site. The off-site program was designed to 
facilitate good public relations. This was accomplished by contacts and talks 
prior to the series, by the system of zone commanders who were largely respon- 
sible for good relations within a specified area, by following up each incident 
reported immediately and, of course, by the general program carried out by 
the Joint Office of Test Information. 

The public relations program during the operation laid the general ground 
work for a continuing public relations program to be carried out in the interim 
periods. 

In general, relations with the off-site populace were good. People were par- 
ticularly appreciative of the fact that monitors were permanently stationed in 
their communities. Opinions expressed to monitors indicated that local popula- 
tions felt more secure with this arrangement with regard to radiation hazards 
and that they appreciated having a local contact to go to for information or 
with complaints. Off-site personnel were able to carry out a continuous educa- 
tional program since full advantage of their presence in the community was 
taken and they were asked to be on the programs of civie clubs and other or- 
ganizations, to furnish material for radio programs and newspapers and to aid 
in school programs. 

Prior arrangements.—Prior to the start of the series, all of the large popula- 
tion centers in the area were visited by off-site personnel to inform people 
of the forthcoming tests and the manner in which off-site problems would be 
handled. 

Immediately before the start of the series most of these communities were 
revisited by a group consisting of the Test Manager, Scientific Advisor, Test 
Director, Support Director, Information Director, Off-Site Operations Chief, and 
the senior PHS officer. A series of talks were given in Caliente, Pioche, Ely, 
and Tonopah, Nev., and St. George and Salt Lake City, Utah. In these talks 
the value of continental nucler tests to the country was stressed and the pre- 
cautionary measures to be taken with regard to public safety were outlined. 
People were informed of the plans to station monitors in their community and 
that these men were expected to become a part of the community during their 
stay and to be of service to it in regard to public safety, information or in any 
other way. 

From 7 to 10 days before the initial detonation, the monitors with their equip- 
ment moved into. the community, familiarized themselves with the area, made 
acquaintances and actively took over the job of public relations. 

Liaison activities—Arrangements were made to keep those health officials who 
might be primarily concerned, informed of the activities at the test site. The 
States normally involved were Nevada, Utah, California, and Arizona, and the 
State health officers of these States were advised routinely by phone of any fall- 
out situation that might affect areas under their jurisdiction. The personnel 
advised in these instances were: 


Nevada: Dr. Daniel J. Hurley, State health officer. 

Utah: Dr. George A. Spendlove, State health officer. 

California: Dr. John M. Heslep, designate of State health officer. 
Arizona: Dr. C. G. Salsbury, State health officer. 


In addition to these arrangements, contacts were made with affected USPHS 
officials and with local health officials. 

Activities of zone personnel.—Zone personnel conducted a public-relations 
program on an informal and down-to-earth basis. They formed a wide acquaint- 
ance in their respective areas, participated in local events and took their in- 
structions to become a part of the community seriously; as for example, the 
monitor at Glendale who became a Sunday school teacher, or the one in Alamo 
who plastered a ceiling in one of the hotel rooms. Such intimate association 
with the people in the area was good practical public relations, and while it 
may not have altered completely basic public opinion regarding the tests, it at 
least made the explanations of zone personnel more acceptable. 
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Every opportunity to reach the public through talks and film showings was 
accepted. Practically every person throughout the off-site area saw at least 
one film and listened to at least one discussion by monitors. This was accom- 
plished through civic clubs, schools and PTA, and other groups. In this con- 
nection, it should be stated that the new film Atomic Tests in Nevada received 
enthusiastic reception. From the remarks made to zone personnel, it appears 
that general feeling was that, for the first time, the public was being shown 
exactly what happened during a shot. 

A complete listing of public relations contacts is not available, but the partial 
list of film showings tabulated in table 1 will indicated the scope of this activity: 


TABLE 1.—Public relations—Movies 
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Society of Professional | Feb. 22....]....- a cial tees ivi inapagal 20 
Engineers. 
Steptoe Hospital staff....-. BRIE acsearle aia Malthe 
GIR acne caeonee Feb. 26_... 14 
Fire department-.......... I i Basia la Sn acces dette sitiitatiantigiled 30 
BIE OU os ccecencinntins ee: Bias A acicing Mtn iasndcte bibieialneseeaniesil 40 
BR OE i cis wenn ncawent A eS. RE 60 
Eureka School............. Mar. 11...} A Is for Atom........... 70 
Austin School............. Mar. 15...] Operation Ivy........... 60 
Gi cdcciacascenss Mesquite School. ......... SD aaere A Is for Atom, and Tar- 60 
) get Nevada. 
Bunkerville School. Apr. 8..... Target Nevada_......... 105 
Overton School............ Apr. 11....| Target Nevada, and 175 
, Atom Tests in Ne- 
Mesquite Thestre_.......- PT ee ae eee 150 
Overton High School Be Apr. 21....| A Is for Atem........... 40 
Overton Veterans’ Club | Apr. 25....| Atomic Tests in Ne- 88 
(attending: sportsmen, vada, and Target Ne- 
firemen, and California vada. 
civil defense). 
Lincoln Mine. ........... Lincoln Mine Theater__..| Apr. 24-30_| Atomic Tests in Nevada. 500 
RR voc ws icc neues PO. iiss condclnacinaaeeaaden dee A Is for Atom._......---. 20 
Volunteer fire department-_j............]..--- GI sick citciniotcvitstaitteche ie tensicnninittsties 
WRN Hin roid tien isinnticeieaen "DL. eee eee 
: 2. eS ee a do.. ....--------| Operation Doorstep...-.|...-..------ 
ro women’s literary psbusedleainiiale Po Ree ESE See 
3 Latter-day Saints Church..} Apr. 17....| Atomic Tests in Nevada. 35 
- 8t. George......... «-.---| Glendale, Utah, PTA...-- 16. Target Nevada. ..-...-.- 35 
. Kanab PTA..____._...--- 4 Atomic Tests in Nevada. 45 
Kanab High School.......] Apr. 5.....}-..-- 160 
e Orderville PTA___. 36 
0 St. George firemen 12 
n Ladies’ relief society |...do_......|....- 200 
t Latter-day Saints. 
eieiaiee ESCs fp ke TR SER ee AO 
t Elementary CUNDUEE ocecnse Bs SR bib nc csihatinaee 230 
Dixie Goilege...... adeeb Seeks COs ccicshs ie Ocaie ss eesaepatien 180 
Wi Watiastibosaderane do.......| Atomic Test in Nevada, 32 


and Target Nevada. 
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TABLE 1—Public relations—Movies—Continued 














Zone Location Date Film Attendance 
St. George—Continued 
Chamber of commerce. -...|...d0....... Atomic Tests in Nevada. 40 
SEW OOO 5 cncaccnncases Apr. 14....| Atomic Tests in Nevada, 400 
and Target Nevada. 
Ladies’ relief and faculty..| Apr. 15....| Atomic Tests in Nevada. 60 
TE ER ie neicanpnncanedtaae do do 88 
National om 7 
Virgin PTA.:-.... J = ee oe 60 
Community church_....-- a ~-do 18 
ONE cticccnnnnpinkes PAI Et OR = onacccenreacnelasbuciinasbee es). 260 
DEMOGR SIGE si ccc nacctelonccdusencin: 170 
Goldfield Elks............ d 60 
TE I oi nines eatasicds Pauieininniacaeat sales 50 
ee 60 
Round Mountain___. 50 
Wellington Rotary_.. 50 
Tonopah (2 clubs)... 4 80 
OCU: DRO oe od ccna ccaesowened do 50 
NR 5B Si ee a 60 
POND ciinsinnigicuiweptcbalimiicanienmmesaine 50 
Other: 
NS TONG ss fetes Niclasdtceabeandbcecnsbdindestaatiesniee Target Nevada, and 80 
Atomic Energy. 
pS i eee eicipiiale. ili a ainsi Rated R aaa Apr. 11__..| Atomie Tests in Nevada 60 
BOO. ec dipabees Pees DIO ch ss cccucuaes Apr. 14-15.| Atomic Tests in Nevada 175 
(shown twice). 
Chattanooga, Tenn -- a ision = Health and | May 9....]...-- tina thy cetaceans 60 
afety, TVA. 
Fort Ogtethorpe, Ga_. Kiwanis Club iain cuaiemae May 10....| Atomic Tests in Nevada 26 
Florence, Ala_-_-_-_-..- oe ee May 36....is..22 i tivcsscccccccesece 45 
Los Angeles, Calif..... ASCE. sanitary section...} May 25....]..... Di itidalucscbnveten 50 
PI DOURIN MOONE [io isk Sid cn nwceccnietlacanan | ckakaunnccbianeeab bad tannindangadin 17, 550 
films. 





1 Nota full count. Conservative estimate made when attendance figure was missing, 


In addition to these semiformal contacts, a large number of individual con- 
tacts were made. One interesting example of this indicates the public relations 
value of the film badge program. During a routine change of a personnel film 
badge in Goldfield, Nev., the wearer remarked that “there must be some fine 
people at the test site, since they were taking such precautions even in a small 
place like Goldfield.” It must be recognized, however, that although relations 
throughout the off-site area were generally good, there are some specific areas of 
difficulty. An example of this is the attitude of the newspaper editor in Tonapah, 
who, contrary to editorial opinion in general, has maintained a highly critical 
attitude toward test activities. 

Other informational material was distributed. The news releases of the Joint 
Office of Test Information were widely used by monitors. However, the most 
valuable piece of educational material was the little yellow booklet, Atomic Test 
Effects in the Nevada Test Site Region. Thousands of these were distributed 
through schools, post offices, motels, and by other means throughout southern 
Nevada and Utah, and in parts of Arizona and California. This was very well 
received. In fact, some people thought so highly of it that they requested 
copies to distribute on their own. Many of these booklets were picked up by 
tourists and were probably carried to all parts of the Nation. 

Special investigations.—It was inevitable that numerous incidents requiring 
investigation should arise. These were of three types, as they effected material 
things, people, or livestock. All that came to the attention of the off-site pro- 
gram were investigated and are documented in the files. 

With respect to material things, the greatest number of complaints were from 
prospectors. An explanation of the transient nature of radioactivity from fall- 
out was generally acceptable. In all cases where blast damage was reported, 
forms for damage claims were mailed and these are being processed in the cus- 
tomary manner. In those cases where contamination from radiation were re- 
ported, such as on vehicles, the zone personnel investigated and were generally 
able to satisfy people during these visits that no hazard existed. 

A number of cases of radiation damage to people were reported. These were 
investigated by the Cedar City Zone commander, Dr. Clinton G. Powell, who is a 
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PHS doctor. This procedure was so useful that it became apparent that it wag 
a mistake to require medical personnel to also act as zone commanders. In any 
future operation, a qualified doctor with radiation experience should be avyail- 
able within the off-site program for the sole purpose of investigating claims of 
personal radiation injury. 

Prior contacts were made with the local doctors. All investigations were 
made by working with local doctors. This procedure eliminated any chance of 
criticism about professional ethics, increased the patient’s confidence in the 
procedure and did much to educate the local physicians in regard to radiation 
matters. 

The general procedure was to have the patient brought to the local doctor’s 
office. If necessary, off-site monitors provided the transportation. There both 
doctors examined the patient and arrived at a decision. Any costs were billed 
through Reynolds Electrical & Engineering, Ine. 

In no case, of those examined, were there symptoms that could be definitely 
attributed to radiation injury. Many cases turned out to be some common ail- 
ment, diaper rash, in one case. However, the reports of eye irritation were so 
persistent that this matter should be investigated in order to prove or refute the 
widespread belief that this is due to test activities. 

Reports of injury to livestock were reported by zone personnel and investi- 
gated during the series by veterinarians (Maj. Grant Kuhn and Col. Bernard 
Trum) from the AEC-University of Tennessee Agricultural Farm at Oak Ridge 
or by Dr. Wendell Brooksby, of the Utah State Agricultural College. There is 
little doubt that reputed livestock damage will continue to be reported for some 
time after the tests since livestock culture is such an important part of the eco- 
nomic life of the area. This suggests the desirability of the continuous services 
of a veterinarian with radiological training and of a sound investigative 
program. 

5. RESUME OF INDIVIDUAL SHOTS 


This section includes a brief summary of results for each nuclear device 
detonated during the test series. While only condensed highlights are presented 
here, complete data are contained in the files of the Las Vegas branch oflice. 


Each shot summary has been arranged, for ease of comparison, according to the 
outline below: 


. General information 
. Airway closure pattern 
. Cloud tracking 
. Low-level terrain survey 
Ground monitoring results 
. Selected gamma dosages 
. Number of ground readings taken (above 0.1 mr./hr.) 
. Comparison of maps 
. Airborne radioactivity concentrations 
Table—External gamma dose in populated areas and at selected nonpopu- 
lated points 
11. Maps 
(a) Prediction 
(db) Cloud track 
(c) Low-level terrain survey 
(ad) Ground monitoring 
(e) Combined air and ground results 
In some casvs, all of the above maps are not available. For exemple, for 
certain shots it was not possible to obtain aerial results due to the extremely 
light fallout. On 1 occasion there were 2 detonations on the same day. In this 
case the results from the two individual detonations have been combined. 
The maps are given in terms of infinite dose and/or effective biological dose. 
Comparison of maps is done on an extremely gross basis. The major points 
of comparison are direction of fallout and relative magnitude of fallout, as de- 
termined from length of specific isodose contours. 
Following the summary for Zucchini (the last shot of the series) is map 1 
which represents the cumulative fallout plot for Operation Teapot. The map 


is — in terms of infinite dose and reflects both aerial and ground monitoring 
results, 
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For orientation purposes, as to the shot names, the times and dates of detona- 
tion, the type of detonation, and the firing area, the following tabulation is pre- 
sented. 


Devices detonated during Operation Teapot 


Detonated 
Name Type Area 


| | 





SD tO Te Ta nas snc ac diedcccnntssvicacdona 

0545.1 Feb. 23 | S00-1000 OW so cniccces ccc nccwsecsccccs 

0530 | Mar. 1 |-.--.- rice isicnaes 

0520 | Mar. 7 | 500-foot tower... 

0520 | Mar. 12 | 300-foot tower... ccccc ccc cccnccccccce 

0505 | Mar. 22 | 800-foot tower......................... 

See | DE Se POD... cbatamantiinnsinumenmesien 10—Yucea. 

0455 | Mar. 20 | 800-foot tower......................... 4—Yucca, 

1000 bear 0 A 2 ee ig Ss 7—Yucca, 

1000 | Apr. 6] High altitude .| Yucca, 

0430 | Apr. 9 | 300-foot tower -| Yucca. 

1115 yal 15 | 400-foot tower Frenchman, 
DS TE Sista cts dutcecnninte 0510 ay 5 | 500-foot tower 1—Yucca. 
TN ied 0500 | May 15 |-.--- DR atcecie aterm aati oa 7—Yucea. 





Wasp 


Wasp was an airdrop which was detonated at approximately 800 feet on 
February 18, 1955, at 12 noon. The shot took place in test area 7 in Yucca Flat. 

The airway closure pattern was as follows: 

1. A circular area around Yucca Flat, with a radius of 60 nautical miles, 
was ordered closed at all altitudes from 7: 15 to 10 a. m. 

2. A sector, bounded by radii at 100° and 210°, extending 175 and 120 nau- 
tical miles, respectively, from the end of the 210° radius extend due east to 
JF3015, then due north to intersection with 100° radius, was ordered closed 
from the surface to 80,000 feet from 8: 45 to 11 a. m. 

8. The following area was ordered closed from 10,000 feet to 30,000 feet 
from 11 a. m. to 5:30 p.m. From FF3030 due south to FE3000, then due 
east to ME0000, then follow Arizona-New Mexico border to 4 corners, then 
west to HH3000, then return to initial point. 

Due to mechanical difficulty with the drop aircraft, the time of the shot was 
moved ahead, causing a corresponding shift of 4 hours in all closure times. 

The cloud was tracked, as indicated on the accompanying map, from H plus 
80 minutes to H plus 2 hours. In addition to reports from the B—25 tracker, 
reports from sampler aircraft were used to chart the cloud movement. Maxi- 
mum cloud height observed was 20,000 feet. The cloud was tracked to a point 
southwest of Las Vegas (Goodsprings, Nev.), at which point it was so scattered 
as to become relatively undefined. 

On D-1 day a low-level survey was made by one C-47 to locate and record the 
position of persons and/or animals in remote areas within the predicted fallout 
zone. On D-day the survey aircraft took off at approximately H plus 3 hours 
45 minutes and reported no significant off-site contamination. 

Ground-monitoring runs, which indicated activity substantially above back- 
ground, were made along U. 8. 95 between 10 miles east of Mercury Road and 
Indian Springs Air Force Base; on Nevada 52 between 12 miles south of U. 8S. 
95 and the southern end of the highway; and along Nevada 85 from 22 to 82 
miles southeast of Pahrump, Nev. 

The maximum effective biological dose for populated area was 0.7 mr. at 
Cactus Springs, Nev. The maximum effective biological dose at a nonpopulated 
point was 55 mr. on Nevada 85, 28 miles southeast of Pahrump, Nev. 

Only 10 individual monitoring readings above 0.1 mr./hr. were recorded. 

Fallout was very light as indicated by ground monitoring and also by the lack 
of data from the low-level terrain survey. 

No air samples were collected which indicated an air activity concentration 
in excess of 10-*uc/m’. 
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Wasp: Ewvternal gamma dose in populated areas and at selected nonpopulated 





points 
Time of | 
instru- Gamma Time of | Effective 
Location ment ground fallout biological Infinite 
reading level (H plus | dose (mr.) | dose (mr.) 
(H plus (mr./hr.) hours) | 
hours) | | 
—_—$—$_—_—_——————$$—— LLL | 
Populated areas: 
Indian Springs, Nev-...............-.-- 1.6 0.1 1.0 0.5 0.8 
Cactus Springs, Nev.................- 1.9 1 1.0 .7 1.2 
Nonpopulated points: 
U.S. 95, 15 miles east of Mercury Road 1.7 1.5 1.0 8.4 14.0 
Nevada 85, 28 miles southeast of 
Pahrump, Nev.-..- iticinnedaatiinae 3.6 5.5 3.0 55.0 110.0 
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MotTH 


Moth was a 300-foot tower detonation which was fired at 5:45 a. m. on February 
22,1955. The shot took place in test area 3 in Yucca Flat. 

The airway closure pattern was as follows: 

1. A circular area around Yucca Fiat, with a radius of 60 nautical miles, was 
ordered closed at all altitudes from 5:15 to 8 a. m. 

2. A sector bounded by radii at 120° and 180°, length of radius 125 nautical 
miles, was ordered closed from 15,000 to 26,000 feet between the hours of 6:45 
and 8:15 a. m. 

3. Finally, a large rectangular area, primarily in Arizona, was closed at the 
same altitudes as the above sector from 8 to 11:45a.m. The boundaries of this 
area, as defined by Georef coordinates, were: 

Continue the 120° radius to KE0030, then due south to Tucson, Ariz. 
Continue the 180° radius to EE0050, then southeast to HC0000. 

As the reports of the tracking aircraft came in, the following changes were made 
in the closure pattern: 

At 6:30 a. m., the radius bounding the sector defined in (2) above was shifted 
from 120° to 90° out to KH0000, then due south to Tucson, Ariz. 

At 6:45 a. m., the area south of the north edge of Airway Green 4 was opened 
at all altitudes. 

At 6:48 a. m., all areas were opened to traffic at 24,000 feet and above. 

The cloud was tracked, as indicated on the accompanying map, from H plus 
18 minutes to H plus 38 hours 25 minutes. Reports from B-25 tracker and 
sampler aircraft were used. The maximum cloud height observed was 24,880 feet. 
The maximum height of the cloud decreased as it progressed on a general bearing 
of approximately 130°, stabilzing at roughly 22,000 feet. The path followed by 
the cloud took it north and east of Las Vegas, Nev., and extended for approxi- 
mately 110 nautical miles when the tracking aircraft were recalled. 

As an indication of the magnitude of radiation to be expected should a com- 
mercial aircraft penetrate the cloud, two F-84 aircraft were flown into the cloud 
and were checked for contamination upon return, The pertinent data are pre- 
sented in the following tabulation: 












Aircraft No. 1 Aircraft No. 2 

Se OE DOIN ais nw ce cccieccntnaseccsscdunessaieceuewenas oe gd H+3 hours, 
Duration. in cloud. ..-. -| 30 seconds..... ..--| 13 minutes. 
PEN acca ahi -| 22,500 feet..... .---| 20,000 feet.t 
Maximum intensity-_.- -| 800 mr./hr_.... ----| 500 mr./hr, 
POE DRIED os écccitiadndadniucamininmagheativnwdaknnacinnd O00 TFET. c cnanaccoas 400 mr./br. 
ph ee ee eae Ee | H+5 hours. 
Readings on various aircraft components: 

EERO MRS sinicisbcine a dididnedeiclepwaneacaaceidiesipaneaion PO. ccnccausenes 480 mr./hr. 

IE CN os eae Coe oe adem eeehnaecenuion COE Sas 140 mr./hbr. 

I noes ce eee ---| 50 mr./br... .---| 180 mr./br. 

Impeller section of engine WOO SEE cca nakwamead 480 mr./hr. 
Pe Rind5cs. acd ieee chonainbeamemhedapeaseudagasdeomaaok BO RES onccdsantaanennt 150 mr, 


1 Descending along cloud to 10,000 feet. 


The low-level terrain survey was conducted by 1 C-47-type aircraft which 
took off at H plus 7 hours 45 minutes, completing the mission at H plus 10 hours. 
The contamination pattern disclosed by this survey is plotted on the accom- 
panying map. 

Monitoring runs, which indicated activity substantially above background, 
were made on the desert road running north from Indian Springs, Nev., along 
the desert road from Groom Road to Frenchman Flat; on the game preserve 
road running north from U. 8. 95; on U. 8. 93-91 in the vicinity of Dry Lake, 
Nev. ; and along Nevada 40. 

The maximum effective biological dose for a populated area was 130 mr. at 
Dry Lake, Nev. The maximum effective biological dose at a nonpopulated point 
was 5,900 mr. 22.8 miles north of Indian Springs, Nev., on a desert road. 

Approximately 60 individual monitoring readings above 0.1 mr./hr, were 
recorded. 

The H minus 4-hour prediction map indicated fairly good agreement with the 
factual maps. With very little shear in the fallout pattern, expected times of 
fallout could be readily predicted. The small amount of fallout to the northeast 
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was not detected by the low-level terrain survey. The ground survey as well as 
the aerial survey showed that the 1 r. infinite contour crossed U. S. 93-91 at a 
nonpopulated place. 

The maximum air radioactivity concentration measured was 4.4X107yuc/m'*. 
at Cedar City, Utah. This represents the average air concentration for a 28-hour 
period starting at shot time. 


Moth: External gamma dose in populated areas and at selected nonpopulated 
points 





Time of Gamma Time of Effective 
Location instrument ground fallout biological Infinite 
reading | — level (H+hours) | dose (mr.) | dose (mr.) 
(1i+hours) (mr./hr.) 





Populated areas: 


Dry Lake, Nev.........-- Casbonen 6.3 6.0 2.2 130. 0 235.0 
CN BOW acectndcidlendeduactionnnat 4.5 -5 2.5 7.0 13.0 
BE ET onic hee a Rnnaenienbin 11.7 ol 1.5 4.4 7.7 


Nonpopulated points: 
U. S. 91-93, 1 mile southwest of Dry 
Lake, Nev-..-__- sss task 6.4 29.0 2.2 650. 0 1, 200.0 
22.8 miles north of Indian Springs, 
WOOP in cnctdcdcdllendddecvematuetuntecs 4.5 310.0 8 5, 900. 0 10, 000. 0 
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TESLA 


Tesla was a 300-foot tower detonation which was fired at 5: 30 a. m., on March 
1,1955. The shot took place in test area 9 in Yucca Flat. 

The airway closure pattern was as follows: 

1. A circular area around Yucca Flat, with a radius of 60 nautical miles, 
was ordered closed at all altitudes from 5 a. m. to 8 a. m. 

2. A sector bounded by radii at 65° and 125°, length of radius 60 nautical 
miles, was ordered closed at all altitudes from 5 a. m. to 10 a. m. 

3. An extension of this sector to a radius of 90 nautical miles was ordered 
closed from 13,000 to 19,000 feet from 7:30 a. m. to 10 a. m. 

4. A further extension of this sector to a radius of 160 nautical miles was 
ordered closed from 20,000 to 28,000 feet from 6: 30 a. m. to 10 a. m. 

5. At 7:47 a. m. the altitudes in sector (3) above were changed to close only 
between 16,000 to 19,000 feet and the circle in (1) above was opened at all 
altitudes except for the sector area (65°-125°). 

The cloud was tracked as indicated on the accompanying map from H plus 35 
minutes to H plus 2 hours and 55 minutes. In addition to reports from the B-25 
tracker, reports from sampler aircraft were used to chart the cloud track. 
Maximum cloud height observed was 30,000 feet, which stabilized rather quickly 
to 27,000 feet. The cloud was tracked to a point near the northernmost part of 
Lake Mead, at which time aircraft were recalled. 

The low level terrain survey was performed by one C—47 aircraft, which took 
off at H plus 7 hours and completed the mission at H plus 11 hours and 45 
minutes. 

The monitoring runs, which indicated activity substantially above background, 
were made on the Game Preserve Road north of U. 8S. 95; on U. S. 91 between 
Beaver Dam, Ariz., and Washington, Utah; along Utah 64 south of St. George, 
Utah; on Utah 15; on Utah 17; on Utah 18; along the Mormon Mesa Road north 
of U. 8S. 91; and on U. 8. $3 approximately 27 miles south of Alamo, Nev. 

The maximum effective biological dose for a populated area was 177 mr. at 
Santa Clara, Utah. The maximum effective biological dose at nonpopulated 
point was 34,000 mr. 10.5 miles south of Groom Road on Papoose Lake. 

Approximately 190 individual monitoring readings above 0.1 mr/hr were 
recorded. 

A comparison of the prediction map and the factual maps indiactes good agree- 
ment in both direction and magnitude of fallout. Ground monitoring did not 
indicate fallout in Carp, Nev., as shown on the terrain survey map. This fact 
was substantiated by the several film badges located in Carp for the entire series. 
The maximum series dose indicated by a film badge in Carp, Nev., was 60 mr. 
The 1 r. infinite-dose contour crossed U. 8S. 93 at a nonpopulated place. 

The maximum air concentration measured was 4.0X107uc/m*, at St. George, 
Utah. This represents the average air concentration for a 28-hour period starting 
at shot time. 


Tesla: External gamma dose in populated areas and at selected nonpopulated 
points 


Time of Gamma Time of Effective 
Location instrument} ground fallout biological Infinite 
reading level (H+hours) | dose (mr.) | dose (mr.) 
(H+hours) | (mr./hr.) 


a | | CO 





Populated areas: 





Eee Clharas Utah... oc csccicccccacacs 11.3 6.0 9.0 177 350 
St. George, Utah.. 10, 2 4.0 9.2 103 210 
Veyo, Utah___...- 10.5 5 9.0 14 27 
Gunlock, Utah__. x 10.9 -3 8.8 8 17 
BT a ae eae 11.5 8.0 9.4 87 175 
MNNPIIEIN, CGE skeen cc 11.8 1.7 10.0 51 100 
SSUNIIIPUTING, ETI os Coc oouaccmnieleonnie 12.0 1.8 10.0 52 105 
Anderson Junction, Utah.............- 12,1 33 9.9 34 69 
WON NEO ge its 5 alg camulpe seek 12.2 1.4 9.8 44 88 
WI NO a 7.3 3 4.0 7 12 
. (RUE TIORS, INGOs cicnccnccccnumdannas 9.2 4.5 4.0 133 246 
Nenpopalated points: 
J, 8. 93, 27 miles south of Alamo, Nev-- 5.2 65.0 | 8. 25-5. 25 845 1, 550 
10.5 miles south of Groom Road on 
POUND SOUiscsscancccncuncnactoun &0 966. 0 1.2 34, 000 56, 700 
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TuRK 


Turk was a 500-foot tower detonation which was fired at 5: 20 a. m. on March 
1, 1955. The detonation took place in test area 2 in Yucca Flat. 
The alrway-closure pattern was as follows: 

1. A circular area around Yucca Flat, with a radius of 60 nautical miles, 
was closed at all altitudes from 5 a. m. to 9: 30 a. m. 

2. An area southwest of the test site, bounded as described below, was 
ordered closed from 25,000 to 80,000 feet from 7 a. m. to 12:30 p.m. From 
EH0000 due south to EG0000, then southwest to the east edge of airway 
Amber 1 at Bakersfield, then along the east edge of Amber 1 to AHO0000, 
then due east to EHO0000. 

3. An area north and east of the test site, bounded as described below, 
was ordered closed from 32,000 feet up from 6:30 a. m. to 12:30 p. m. 
From EH 0000 on a bearing of 42° true for 320 nautical miles, then due 
south to JG4500, then due west to EG0000, then due north to EH0000. 

At 10:23 a. m. conditions were such that closure time in areas 2 and 3 was 
cut back to 11 a. m. instead of 12: 30 p. m. 

The cloud was tracked as shown on the accompanying map from H plus 30 
minutes to H plus 4 hours and 55 minutes. Tracking was performed by the 
following aircraft: 


B-50: initially at 28,000 feet and subsequently at 31,000 and 25,000 feet. 
B-29: 20,000 to 23,000 feet. 

B-25: 11,000 to 14,000 feet. 

Samplers (F-4) : 36,000 to 42,000 feet. 


Maximum cloud height observed was 42,500 feet. The wind pattern at shot 
time was such that the cloud became broken and dispersed in a very short time, 
with two general zones containing most of the cloud components. At altitudes 
up to about 28,000 feet, the cloud generally drifted into the northwest quadrant 
from GZ, with the maximum distance being approximately 85 nautical miles at 
20,000 to 23,000 feet bearing from CP 315° true. The second zone was between 
40° and 105° true at high altitudes (above 80,000 feet), extending to 105 nau- 
tical miles at 105° true and about 130 nautical miles at about 75° true. In 
many instances, the cloud appeared to have several different leading edges, and 
at times doubled back on its previous path. 

A low-level terrain survey was flown on D-day by one C-47 from about H 
plus 6.5 to H plus 11. The fallout pattern indicated by this flight was quite 
scattered, and on D plus 1, additional flights were made by the C-47 and by 
a helicopter. 

The pattern shown on the accompanying map was drawn using data from all 
three flights. It is evident that, just as the cloud-track pattern was widespread 
and, in several directions, so also was the fallout pattern. 

Monitoring runs, which indicated activity substantially above background, 
were made along U. S. 93 in the vicinity of Pioche, Nev.; on Utah 21 between 
Beaver, Utah, and the Utah-Nevada State line; on U. S. 95 between Beatty, 
Nev., and Goldfield, Nev.; along Utah 15 in the Toquerville, Utah, area; along 
U. 8. 6 between Tonopah, Nev., and Ely, Nev.; in the vicinity of Ely, Nev.; 
along Nevada 25 between Crystal Springs, Nev., and Warm Springs, Nev.; and 
on the desert roads northeast and west of the Nevada test site. 

The maximum effective biological dose for a populated area was 157 mr. at 
Warm Springs, Nev. The maximum effective biological dose at a nonpopulated 
point was 80,500 mr. 15 miles west of Nevada test site on a desert road. 

Approximately 220 individual monitoring readings above 0.1 mr./hr. were 
recorded. 

A comparison of the prediction map and the factual maps indicates an ex- 
treme overprediction. This came about as a result of a frontal system change 
which occurred near shot time. This frontal change resulted in a drastic 
reduction in wind speeds and a rapid shifting of wind directions. 

The ground-survey map shows the wide scattering of fallout under the mete- 
orological conditions mentioned above. Also, the effects of terrain on the fallout 
pattern are quite pronounced. It is apparent from this map that the 1 r. isodose 
contour did not intersect any major highways. 

The maximum air radioactivity concentration measured was 1.7X107uc/m’*. 
at Currant, Nev. This represents the average air concentration for a 29-hour 
period starting three-quarters of an hour after shot time. 
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Turk: External gamma dose in populated areas and at selected nonpopulated 
points 





Time of Gamma Time of | Effective 
Location instrument} ground fallout biological Infinite 


reading level (H+hours) | dose (mr.) | dose (mr.) 
(H+hours) | (mr./hr.) 








Populated areas: 











OS ee em 11.3 0.10 11.0 3 6 
EWU, 80 I. in bcditttecacncccmasee 12.2 .37 11.0 ll 24 
Lincoln Mine, Nev 16.7 .70 8.0 34 65 
fe eee 19.8 - 20 15.0 17 35 
Desert Game Experiment Station, 

APR 25s. cesta one 30.7 - 23 | 14 19 

Garrison, Utah 32. 

Baker, Utah 32, Z 

Pioche, Nev ‘ 3 2 
Ursine, Nev 14. 25 13. 9 18 
SE. OY so cat nenbinscicdiencnnindee mean 33. 17 18. 16 32 
RN ccs sa cousenin essai nie ceiaeiontel 28. 1.00 17 74 156 
New Ruth, Nev....--.--.------------- 34. 37 7 34 74 
Preston, Nev......... stididietnivisladiaabaibial | 30. 1,00 15, 80 172 
EEN od cn cncaduhincndeidacsamawad 28. 5 1.18 15. 93 192 





MINS TOW shack saccnacaseetceiiiembne 29. 4 . 98 14 79 164 
Lockes Ranch, Nev 31.6 1. 48 13 132 279 
Wahwa Springs, Utah 30.1 10 15, i 17 
Warm Springs, Nev 34.8 1. 50 12.0 157 324 


Nonpopulated points 
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6 miles south of Lockes on U. S, 6____- 31.0 3.00 | 13.4 253 549 
15 miles west of Nevada test site on | | 
desert road in 31. 2 200. 00 2.0 80, 500 54, 000 
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HorNeET 


Hornet was a 300-foot tower detonation which was fired at 5: 20 a. m. on March 
12, 1955. The shot took place in test area 3 in Yucca Flat. 
The airway closure pattern was as follows: 
1. A circular area around Yucca Flat, with a radius of 60 nautical miles, 
was closed at all altitudes from 5 a. m. to 9 a. m. 
2. A sector, bounded by radii at 70° and 130°, length of radius 125 nautical 


miles, was ordered closed from 21,000 to 32,000 feet from 6:50 a. m. to 12 
noon, 
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8. That part of the above sector extending between radial distances of 
125 nautical miles and 200 nautical miles was ordered closed from 30,000 feet 
to 40,000 feet from 6 a. m. to 11: 30 a. m. 

4. At 9:15 a. m., the situation was such that sectors 2 and 8, above, were 
opened after 10: 30 a. m. 

The cloud was tracked at three levels: 10,000 to 14,000; 23,000 to 30,000; and 
86,000 feet, by B-35, B-29, and sampler aircraft respectively. The track ob- 
tained is shown on the accompanying map. Maximum cloud height observed 
was 89,300 feet. The cloud was tracked to a distance of about 140 nautical miles 
from the CP, becoming so dispersed at this distance as to render further tracking 
impractical. 

A low-level terrain survey mission was flown by one C-47 aircraft from H plus 
6 hours and 40 minutes to H plus 11 hours. The fallout pattern obtained from 
the data reported is shown on the accompanying map. ‘The fallout pattern was 
determined out to a distance of 100 nautical miles at which point low radiation 
levels made continuation impracticable. 

Monitoring runs, which indicated activity substantially above background, 
were made on the game preserve road north of U. S. 95; on the Mormon Mesa 
road north of U. S. 91; on U. S. 91 between the Nevada-Utah State line and 
Glendale, Nev.; along U. S. 93 between Panaca, Nev., and Glendale, Nev.: on 
Nevada 12; on Nevada 40; along the desert road north of Indian Springs, Nev.; 
along the roads in the Moapa Indian Reservation; and on the desert roads just 
east of the Nevada test site. 

The maximum effective biological dose for a populated area was 293 mr. at 
Glendale, Nev. The maximum effective biological dose at a nonpopulated point 
was 3,502 mr. 29.5 miles north of Indian Springs, Nev. 

Approximately 800 individual monitoring readings above 0.1 mr/hr were 
recorded. 

A comparison of the prediction map and the factual maps indicates good agree- 
ment in direction and relatively good agreement in magnitude. However, the 4 
r. and 1 r. contours actually extended about 50 percent of the predicted distance. 
The ground survey map shows the results of directional shear which resulted 
in fallout in the Alamo, Nev., area. It also indicated the uneven isodose contours 
that may be expected, particularly at relatively low doses. It is apparent from 
the ground survey maps that the 1 r. isodose contour did not intersect any major 
highways. 

The maximum air radioactivity concentration measured was 1.2 by 10? uc/m* 
at Glendale, Nev. This represents the average air concentration for a 28-hour 
period starting at shot time. 


Hornet: External gamma does in populated areas and at selected nonpopulated 





points 
Time of Gamma Time of Effective 
Location instrument| ground fallout biological Infinite 
reading level (H+hours) | dose (mr.) | dose (mr.) 
(H+hours) | (mr./hr.) 
Populated areas: 

PRRVONNIO; NOU sdeicitéuadcsieeoenannsnd 8.3 2.0 8.0 43 &4 
Dg Rees Severe ane 11.7 .6 8.6 19 37 
SS eee ae ee 12.0 .3 8.7 10 19 
RAs BOE ci cddeddecwnusesannes 12.5 .3 9.3 10 20 
J eS 7.7 14.0 6.0 293 564 
ROMMIINY TROY gcccascnnsscocesccsunnns 9.1 a 7.3 17 33 
CG OY oc ac cemcaas iinadecamemieacdn 10.4 .4 8.5 10 20 
Moapa Indian Reservation, Nev-...-- 6.5 10.0 5.5 176 336 
Warm Springs Ranch, Nev-.-...-.---- 5.2 7.0 5.0 97 184 
Caliente, Nev...- 8.5 2.8 8.5 60 119 
Panaca, Nev..... 9.5 of 9.9 17 33 
Alamo, Nev___.-- 6.9 .14 5.3 3 5 

_ Ash Springs, Nev 7.3 a) 5.3 9 18 

engegaentes points: 

. 8. 91, 5 miles east of Glendale, Nev-- 11.9 10.0 7.1 342 664 

29.5 miles north of Indian Spring, Nev-- 4.8 210. 1.8 8, 502 6, 124 
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Ber 


Bee was a 500-foot tower detonation w hich was fired at 5:05 a. m. on March 
22,1955. The shot took place in test area 7 in Yucca Flat. 
The airway closure pattern was as follows: 

1. A circular area around Yucca Flat, with a radius of 60 nautical miles, 
was ordered closed at all altitudes from 4:45 a. m. to 5:30 a. m. 

2. A sector as described below was ordered closed from 5:45 a. m. to 
10:15 a. m. at altitudes from 17,000 to 40,000 feet. The boundaries of the 
sector were: From CP along 100° radius to LF 5745, then south to LD 4730, 
east to Phoenix, Ariz., then along north edge of airway Green 5 to FD 2740, 
and finally back to cP along 160° radius. 

3. At 7:25 a. m. airway Amber 2 was closed at all altitudes within the 
above sector for 1 hour, 

4. At 7:30 a.m. airway Red 15 was ordered closed at all altitudes between 


i 






VFArTOM Ve” 


2 Amber 2 and Green 4 for 1 hour. 

Ss 5. At 8:40 a. m. Amber 2 was opened at all altitudes. 

bs The cloud was tracked by B-25, B-29, and sampler aircraft to a maximum 
2 distance of about 130 nautical miles on a general bearing of about 130°. The 
3 plot made from reports of these aircraft is shown on the accompanying map. The 
Sy) cloud stabilized at about 39,000 feet, and separated into several layers below 
3 the top altitude. 





No D-day low-level terrain survey was made by the C—47 as ground parties 
were reporting fairly low intensities. On D-plus-one day, a survey was made to 
cover the areas inaccessible to ground parties. It was not possible to obtain 
reliable results from this survey because the cloud from Ess (detonated the day 
after Bee) drifted along virtually the same path as that from Bee, such that fall- 
out from both shots would be expected in the same areas. 

Monitoring runs, which indicated activity substantially above background, 
were made on U. S. 93 between Las Vegas, Nev., and a point 30 miles southeast 
of Boulder City, Nev.; along U. 8. 91 between a point 2 miles northeast of Nellis 
Air Force Base and the intersection of South Fifth Street (Las Vegas proper) ; 
in North Las Vegas, Nev.; in the northeast section of Las Vegas, Nev.; on the 
game preserve road north of U. S. 95; along the desert road north of Indian 
Springs, Nev.; and on several of the desert roads east of the Nevada test site. 

The maximum effective biological dose for a populated area was 185 mr. at 
North Las Vegas, Nev. The maximum effective biological dose at a nonpopulated 
point was 26,400 mr. 4.7 miles south of Papoose Lake. 

Approximately 170 individual monitoring readings above 0.1 mr./hr. were 
recorded. 

A comparison of the prediction map and the factual maps indicates rather poor 
agreement in direction and especially in magnitude. Fallout occurred south 
of the predicted path and the 1 r. infinite isodose contour extended out only 
about 20 percent of the predicted distance. It is apparent from the factual map 
that the 1 r. isodose contour did not intersect any major highways. 

The maximum air radioactivity concentration measured was 3.5X107ye/m*, at 
Nellis Air Force Base, Nev. This represents the average air concentration for 
a 12-hour period starting at shot time. 


Bee: External gamma dose in populated areas and at selected nonpopulated 
points 


Time of Gamma Time of Effective 
Location instrument} ground fallout biological Infinite 
readings level (H+hours) | dose (mr.) | dose (mr.) 
(H+hours)| (mr./hr.) 


a 





Populated areas: 






SO IN 5.5 9.0 4.2 140 260 
North Las V egas, Nev_..... 5.1 13.0 4.1 185 345 
Nellis Air Force Base, Nev. 6.4 1.2 4.1 23 42 
Henderson, Nev. a 5.7 5 4.8 8 15 
Boulder City, Nev...- 7.3 4.0 5.2 &3 156 
| At Se eae 5.8 25 4.5 8 1h 
MUNOUEE 100M NOW. ciccccceasenenonsd 9 4 5.2 11 20 
NE 9 points: 
— 3 miles south of Henderson, 

a ia 5.1 18 4.9 246 465 

47 miles south of Papoose Lake...... 55.4 60 . 54 26, 400 42,110 


eee Eee 
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Ess 


Ess was an underground detonation which was fired at 12 p. m. on March 23, 
1955. The shot took place in test area 10 in Yucca Flat. 

No airway closure pattern was established for Ess. 

The cloud was tracked as shown on the accompanying map from H plus 85 
minutes to H plus 4 hours and 20 minutes. Tracking was accomplished between 
10,000 and 13,000 feet by a B-25 type aircraft. 

A low-level terrain survey was flown from H plus 3 hours to H plus 5 hours 
by 1 C-47. The results of this survey are shown on the accompanying map. 

Monitoring runs, which indicated activity substantially above background, 
were made on U. S. 93 between a point 21 miles south of Alamo, Nev., and 
Glendale, Nev.; on the desert road north of Indian Springs, Nev.; and along 
several of the desert roads east of the Nevada test site. 

The maximum effective biological dose for a populated area was 30 mr. at 
Beaver Dam, Ariz. The maximum effective biological dose at a nonpopulated 
point was 2,510 mr. 22 miles north of Indian Springs, Nev. 

Approximately 105 individual monitoring readings above 0.1 mr./hr. were 
recorded. 

A comparison of the prediction map and the factual maps indicates good agree- 
ment in direction, but the 1 r. isodose contour was at least twice as long as was 
predicted. 

The low-level terrain survey map shows roughly twice the infinite doses that 
are plotted from ground monitoring results. The leading edge of the cloud did 
not cross the eastern boundary of the bombing and gunnery range until ap- 
proximately H plus 4 hours. The haze from the cloud could still be seen in the 
Valley to the east and northeast of Indian Springs, Nev., at H plus 5 hours. The 
higher dose indicated by the low-level terrain survey are, therefore, probably due 
to radiation from that part of the cloud still in the valley when the survey was 
made. The ground monitoring plot also indicates extensive shear and the ef- 
fects of terrain features on fallout pattern. It is apparent from the maps that 
the 1 r. isodose contour did not intersect any major highways. 

The maximum air radioactivity concentration measured was 4.5 10“ye/m', 
at Mesquite, Ney. This represents the average air concentration for a 43-hour 
period starting 1.5 hours after detonation. 


Ess: External gamma dose in populated areas and at selected nonpopulated 
points 





Time of Gamma Time of Effective 
Location instrument] ground fallout biological Infinite 
reading level (H+hours) | dose (mr.) | dose (mr.) 
(H+hours) | (mr./hbr.) 


—_ | | | | | 


Populated areas: 






Nellis Air Force Base, Nev.......-.-.-- 3.5 0.8 3.5 8 14 
Lake Mead Base, Nev-.-..............- 4.0 1.5 3.5 16 30 
North Las Vegas, Nev a 6.5 3 3.5 7 12 
Glendale, Nev-.--. 7.2 1.5 6.0 25 48 
Moapa, Nev--....- = 20.9 im 6.0 14 27 
Denver IAM, AI 3 cccccccncccccecads 23.6 .4 10.0 30 60 
aes eK points: 

. 8. 93, 38 miles south of Alamo, Nev. 6.3 3.0 6.0 51 100 

22 miles north of Indian Springs, Nev. 5.3 140. 0 2.0 2, 510 4, 400 
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APPLE 


Apple was a §00-foot tower detonation which was fired at 4:55 a. m. on 
March 29, 1955. The shot took place in test area 4 in Yucca Flat. 

The airway closure pattern was as follows: 

1. A circular area around Yucca Flat, with a radius of 60 nautical miles 
was closed at all altitudes from 4:30 a.m. to 2 p.m. The extended closure 
time was necessary since a second shot, Wasp Prime, was scheduled for 
approximately 10 a. m. 

2. A sector, with radii at 70° and 130° extending to the Utah-Colorado 
and Arizona-New Mexico borders, was closed from 22,000 feet and above 
from 6 a. m. to 1 p. m. 

3. At 6:20 a. m., the closed altitudes were changed to read 18,000 to 
33,000 feet, inclusive. 

4. At 9:10 a. m.,, the 180° radius was moved to 110°, extending to the 
north edge of airway Green 4, and along this path to the Arizona-New 
Mexico border. 

The cloud was tracked by one B-50 and one B-25 aircraft at the levels of 
21,000 and 13,000 feet, respectively, with additional reports from sampler air- 
craft. The maximum distance to which the cloud was tracked was 166 nautical 
miles on a bearing of approximately 90°. At the lower level, the general bear- 
ing was between 60° and 70°. Maximum cloud height observed was 31,000 feet. 

A low-level terrain survey was flown by one C-47 starting at about H plus 
6 hours and 35 minutes. Results are plotted on the accompanying map. 

Monitoring runs, which indicated activity substantially above background, 
were made on U. S. 91 between St. George, Utah, and Cedar City, Utah; along 
U. S. 93 between Alamo, Neyv., and Pioche, Nev.; on Utah 18 between Central, 
Utah, and Beryl, Utah; along Utah 56 west of Cedar City, Utah, and continuing 
on Nevada 25 to the junction with U. S. 93; along Nevada 25 in the vicinity of 
Lincoln Mine, Nevada; on the desert road north of Indian Springs, Nev.; and 
along several of the desert roads north and east of the Nevada test site. 

The maximum effective biological dose for a populated area was 1,300 mr. 
at Alamo, Nev. The maximum effective biological dose at a nonpopulated point 
was 6,500 mr., 4.3 miles south of Groom Lake on Kelly Mine Road. 

Approximately 395 individual monitoring readings above 0.1 mr./hr. were 
recorded. 

A comparison of the prediction map and the factual maps indicates that the 
predicted direction was off by 20° and that the 1 r. infinite isodose contour ex- 
tended only about one-third of the predicted distance. The low-level terrain 
survey map is in good agreement with the map depicting ground monitoring 
results. The 1 r. infinite dose contour crossed U. S. 93 at Alamo, Nev. 

The maximum air radioactivity concentration measured was 4.0X10~“yc/m', 
at Alamo, Nev. This represents the average air concentration for a 28-hour 
period starting at shot time. 
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Apple: External gamma dose in populated areas and at selected nonpopulated 
points 








Time of Gamma Time of | Effective 

















Location instrument} ground fallout biological Infinite 
reading level (H+hours) | dose (mr.) | dose (mr.) 
(H+hours) |} (mr./hr.) 
|__| 
Populated areas: | 
Eine BAI6, NOV. .ccnccceccicacuses 6.1 0.5 2.3 10 19 
BEE Oo vintttcccncnntneaiipokenae 2.8 160. 0 2.6 1, 300 2, 300 
Crystal Springs, Nev.................- | 9.4 | 1.5 . 50 91 
SING RIOT xo snialchacnslnnecasininbitpapulibaased Gases | 12.2 1.4 2.7 63 110 
NN OI fo Ee pcciinsaididacnns | 5.5 1.0 4.6 15 30 
Panaca, Nev 5.9 2.5 4.6 41 80 
OO, UE oo cnenscncanectcace ee 6.7 2.0 5.5 37 70 
Rs TON nina couancasacumictaiadaceans | 12.1 | 3 5.1 10 22 
NG CRON sok oo nna aeinicbdpaice mein | 4.9 9.0 4.1 120 230 
Beryl Junction, Utah-................. 6.5 5.0 5.9 86 170 
SR, SION. <n cccemedenacinaeal 6.8 9.5 5.8 180 340 
New Harmony, Utah_............._-- 5.5 | 4.0 4.9 59 110 
MOUMSTRVING, UCN. ncn dec cien canna 5.7 | 10.0 5.1 150 290 
amnion Fott, Utah. <2... cscccencece 5.9 | 6.0 5.3 95 180) 
Cee Ge, WOR... cacauwieekatonnee 6.0 3.0 5.4 48 92 
RI. CONN | 6.7 | 10.0 6.1 175 340 
OA EE EE FET EOS 10. 4 | 12 6.7 4 7 
I: SUI iiss ahah ae eee | 9.5 .10 5.0 3 5 
Crcee wine: URN ok ists cicanasesen 34.5 16 7.9 19 37 
2 SL Sa eae | 34.6 .16 8.3 19 37 
Mt CUE. eee 35.0 16 | 8.3 19 37 
Nonpopulated points: | 
U. S. 93, 1 mile south of Alamo, Nev-_. 28. 2 12.0 2.7 | 1, 500 2, 700 
4.3 miles south of Groom Lake__..__._. 54. 6 18.0 9) 6, 500 11, 000 
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Wasp PRIME 


Wasp Prime was an airdrop which was detonated at 10 a. m. on March 29, 
1955. The shot took place in test area 7 in Yucca Flat. 
The airway closure pattern was as follows: 

1. A circular area around Yucca Flat, with a radius of 60 nautical miles, 
was ordered closed at all altitudes from 4:30 a.m.to2 p.m. This was in 
conjunction with the flash circle for Apple. 

2. A sector, with radii at 50° and 110°, length of radius 150 nautical miles, 
was ordered closed from 15,000 te 35,000 feet from 1 a. m. to 4 p. m. 
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8. At 10:30 a. m., the flash circle was opened between 110° and 360°. The 
end closure time on the sector and remaining part of the circle was changed 
to 1 p. m. 

4. At 10:55 a. m., the lower closed altitude was raised from 15,000 to 
18,000 feet. 

A C—45 aircraft was assigned to track the cloud as the B-25 used earlier in the 
day for Apple was contaminated. The aircraft developed engine trouble and 
aborted the mission. A second C—45 was dispatched and tracked the cloud at 
10,000 feet. Normal procedure could not be followed since the C—45 was not 
capable of flying at sufficiently high altitudes. In place of normal procedure, 
the cloud was tracked visually from below by the tracking aircraft. Additional 
reports were submitted by sampler aircraft. At low levels, the direction of the 
cloud track was along a bearing of 55° to 60°, while at higher levels, the approxi- 
mate bearing was 74°, The maximum distance to which the track was followed 
was about 70 nautical miles. 

No separate monitoring, either air or ground, was conducted for this detona- 
tion for two reasons. First, no fallout was expected and, secondly, as the cloud 
tracks were essentially the same in direction, any fallout would be determined by 
normal operational monitoring for Apple. Thus, the low level terrain survey 
and the ground monitoring maps for Apple are labeled “Apple and Wasp Prime 
Combined.” 

HA 


HA was an air detonation which was fired at 10 a. m. on April 6, 1955, at an 
altitude of approximately 36,000 feet. ‘The shot took place over Yucca Flat. 

The airway closure pattern was as follows: 

1. A circular area around Yucca Flat, with a radius of 60 nautical miles, 
was ordered closed at all altitudes from 8:30 to 1 p. m. 

2. A sector with a radii at 110° and 180°, length of radius 150 nautical 
miles, was ordered closed from 25,000 feet up from 10 a. m. to 1 p. m. 

3. At 11 a. m., all restrictions were removed. 

Due to the height of the detonation, no regular cloud-tracking missions were 
flown. At 10:12 a. m. the cloud height was estimated by the sampler control 
aircraft to be 55,000 to 60,000 feet. Later data, at 10: 20 a. m., indicated a drop 
to 45,000 to 47,000 feet. 

No low level terrain survey missions were flown as no fallout was reported 
from ground monitoring teams. 

Monitoring runs, made in the off-site area, indicated only background. 

The only air radioactivity concentration measured in excess of 10-‘*nc/m* was 
1.35 10~“ue/m*, at Lincoln Mine, Nev. This represents the average air concen- 
tration for a 24-hour period starting at shot time. 


Post 


Post was a 300-foot tower detonation which was fired at 4:30 a. m. on April 9, 
1955. The shot took place in test area 9 in Yucca Flat. 

The airway closure pattern was as follows: 

1. A circular area around Yucca Flat, with a radius of 60 nautical miles, 
was ordered closed at all altitudes from 4 a. m. to11:30a.m. The extended 
closure time was due to the scheduling of another detonation, Met, later in 
the morning. 

2. At 6:10 a. m., closure time on the flash circle was extended to 2 p. m. 
due to a delay in possible firing of Met. 

3. At 8:10 a. m., closure time was cut back to 9 a. m. due to cancellation 
of Met. 

The cloud was tracked by 1 B-25 aircraft flying at 13,000 feet, with additional 
reports coming from sampler aircraft. Maximum cloud height observed was 15,- 
000 feet, with subsequent settling to 14,500 feet. The cloud was tracked to a 
maximum distance of 36 nautical miles at a bearing of approximately 165° from 
the command post. The plot of the cloud track is shown on the accompanying 
map. 

A low level terrain survey was made by 1 C—47 aircraft from approximately 
H plus 5 hours to H plus 7 hours and 15 minutes. The survey indicated no sig- 
nificant off-site contamination. 
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Monitoring runs, which indicated activity substantially above background, 
were made on Mercury Road; along U. S. 95 between Lathrop Wells, Nev., and 
Indian Springs, Nev. on Nevada 16 between U. 8. 95 and U. S. 91; and on the 
desert roads north and east of the Nevada test site. 

The maximum effective biological dose for a populated area was 47 mr. at 
Camp Desert Rock, Nev. The maximum effective biological dose at a nonpopu- 
lated point was 162 mr., 3.5 miles south of Papoose Lake. 

Approximately 75 individual monitoring readings above 0.1 mr/hr. were 
recorded. 

The ground survey map indicates extensive scattering of fallout in several di- 
rections. An interesting point is the presence of fallout to the northeast, al- 
though the cloud was tracked in a southerly direction. Only very light fallout 
occurred outside the Nevada test site. 

The maximum air radioactivity concentration measured was 9.0X10-'ue/m'’, 
at Indian Springs, Nev. This represents the average air concentration for a 17.5- 
hour period starting at shot time. 


Post: External gamma dose in populated areas and at selected nonpopulited 


points 
Time of Gamma Time of | Effective 
Location instrument} ground fallout | biological Infinite 


reading level (H+hours) | dose (mr.) | dose (mr.) 
(H+hours) | (mr./hbr.) 


Populated areas: 
TN DN sc ateiceccccnncwasnanon 10 





.0 0,12 10.0 3 6 
Quartz Mine (near Mercury, Nev.)---- 10.7 1.3 9.6 35 71 
Cactus Springs, Nev.................. 9.6 14 9.6 3 7 
Indien Borines, NGV.....0ccnasscaacoss< 9.8 3 9.8 7 15 
Lathrop Wells, Nev..............-.-.- 11.6 = 10.0 21 42 
Desert Rock, Nev-_-- 12.8 1.4 9.3 47 96 
Mercury, Highway..--....--..-------- 13.0 1,2 9.3 42 $4 
Nonpopulated points: 
U. S. 95, 10 miles west of Mercury 
I gr a ee 11.2 2.5 9.6 73 150 
8.5 miles south of Papoose Lake_...--.- 14.5 3.0 8.0 162 300 
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MET 


Met was a 400-foot tower detonation which was fired at 11:15 a. m. on April 
15, 1955. The shot took place in Frenchman Flat. 

The airway closure pattern was as follows: 

1. A circular area around Yucca Flat, with a radius of 60 nautical miles, 
was ordered closed at all altitudes from 10: 30 a. m. to 4 p. m. 

2. A sector, with radii at 40° and 100°, length of radius 200 nautical miles, 
was ordered closed from 15,000 to 20,000 feet from 11 a. m. to 4 p. m. 

3. A continuation of and including this sector, extending northeast to JL 
2049 then southeast to the Arizona-New Mexico border at LG 4700, then 
west to KG 5000, then northwest along 100° radius to sector 2, above, was 
closed from 21,000 to 42,000 feet from 11 a. m. to 8 p. m. 

4. An area from JL 2049 along the southern edge of airways Red 49 and 
Green 3 to Medicine Bow, then along the western edge of Green 3 to Denver, 
continuing along the western boundaries of Denver and the western edge of 
Amber 3 to Colorado Springs, and finally southwest to LG 5700 was ordered 
closed from 25,000 to 42,000 feet from 2:30 p. m. to 8 p. m. 

5. At 12 noon, the top altitude in 3 and 4 above was changed from 
42,000 feet to 44,000 feet, and the beginning closure time in 4 above was 
moved back to 2 p. m. 

6. At 12:30 p. m. the bottom altitude in sector 2 above was lowered to 
10,000 feet. 

7. At 2:50 p. m., the flash circle was opened except that portion in sector 
2 and the lower altitude in sectors 2 and 8 was raised to 21,000 feet effective 
at 3:15 p. m. 

8. At 4 p. m., area 4 was reduced by opening the area south of airway 
Victor B effective at 4:15 p. m. 

The cloud was tracked by one B-25, two B-50’s, and sampler aircraft. Maxi- 
mum cloud height observed was 42,800 feet, settling quickly to 41,300 feet. Base 
of the mushroom was reported at 28,000 feet. The cloud was tracked to a maxi- 
mum distance of 200 nautical miles on an approximate true bearing of 65° from 
the C. P. In general, all levels (13,000, 23,000, 28,000, and 42,000 feet) tracked 
followed the same bearing. 

A low-level terrain survey was made by one C-47 aircraft from approximately 
H plus 3 hours and 15 minutes to H plus 7 hours. The fallout pattern is plotted 
on the accompanying map. Due to the relatively late detonation time, the aerial 
survey had to be cut short, as the aircraft could not conduct the low-level survey 
after sunset. For this reason, sufficient data to close the 1 r. infinite dose contour 
was not obtained. 

Monitoring runs, which indicated activity substantially above background, 
were made along U. S. 93 between 36 miles north of Glendale, Nev., and the 
junction of Nevada 25; on Utah 21 between Beaver, Utah, and 7 miles west 
of Milford, Utah; on U. 8S. 91 between 5 miles north of Cove Fort, Utah, and 
Parowan, Utah; along Nevada 25 and Utah 56 between U. S. 93 and Newcastle, 
Utah; along Nevada 55 between 4 miles south of Elgin, Nev., to Caliente, Nev.; 
on Utah 18 between Enterprise, Utah, and Beryl Junction, Utah; along Utah 
98 from Beryl Junction, Utah, to Beryl, Utah; on Utah 19 between Lund, Utah, 
and the junction of Utah 56; on the desert road north of Indian Springs, Nev. ; 
along the game preserve road north of U. S. 95; and on several other desert 
roads northeast of the Nevada test site. 

The maximum effective biological dose for a populated area was 2,880 mr. 
at Elgin, Nev. The maximum effective biological dose at a nonpopulated point 
was 44,600 mr. 24 miles north of Indian Springs, Nev. 

Approximately 340 individual monitoring readings above 0.1 mr./hr. were 
recorded. 

In general, all the maps are in good agreement as to both direction and mag- 
nitude. The actual | r. infinite isodose contour was a few miles longer than 
predicted, terminating northeast of Utah 21 rather than southwest. It is appar- 
ent that the 10 r. infinite isodose line crossed U. 8S. 93 southeast of Alamo, Nev. 

The maximum air radioactivity concentration measured was 6.1 107ye/m*, at 
Beaver, Utah. This represents the average air concentration for a 24.8-hour 
period starting at shot time. 
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Met: External gamma dose in populated areas and at selected nonpopulated 
points 





Time of Gamma Time of | Effective 
Location instrument} ground fallout biological | Infinite 
reading level ) (H+hours) } dose (mr.) | dose (mr.) 





Populated areas: 


DE PERG ii innsncscdemisthantindinns 3.6 4.2 2.6 45 82 
Buckhorn Ranch, Nev......-.--...-..- 2.6 140.0 2.6 980 1, 750 
CNET < dcddcdicdincaboidencancal 6.1 8.0 4.3 140 260 
NE, PEPE L cc uaiiesthesiaubaganaadana 6.1 200. 0 3.9 2, 880 5, 340 
tes casnmamandceiceken 6.5 5.0 4.9 91 170 
OS eee eee 6.6 3.5 5.9 62 120 
Enterprise, Utah....-...-------------- 6.0 "13 6.0 2 4 
Beryl] Junction, Utah.................- 28. 8 3.6 6.2 370 700 
eS ikctcdnccsksecuncseicnacnadin 6.6 6.0 6.6 102 200 
I I ak da cach din associa talent eigen 6.8 16.0 6.8 75 625 
SN Wx ichtinddsthditemadanecs 7.3 9.0 7.3 170 330 
Cedar City, Utah.......-...-...---... 7.8 3 7.6 6 12 
PRE O iv chaccncantncsosececes 25.9 2 8.5 16 32 
Parowan, Utah.....-.-.-.-.--.-.------ 26.0 1 8.3 5 10 
Beaver, See ae 25.3 3.5 9.3 270 540 
DETTE, 5) UBB n i caccccccunacoceese 22.1 2.5 8.6 170 330 
OS ES a a ee ee 22.7 1.0 8.7 70 140 
Ot, k,l ee 24.3 -4 9.9 29 58 
lM re ee 29.3 on 6.5 7 14 
Nonpopulated points: 
U. 8. 93, 16 miles south of Alamo, Nev- 2.9 950. 0 2.6 7, 630 13, 800 
24 miles north of Indian Springs, Nev.- 24.6 270.0 9 44, 600 74, 300 
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ApPLe Two 


Apple Two was a 500-foot tower detonation which was fired at 5:10 a. m. on 
May 5, 1955. The shot took place in test area 1 in Yucca Flat. 

The airway closure pattern was as follows: 

1. A circular area around Yucca Flat, with a radius of 60 nautical miles, 
was ordered closed at all altitudes from 4:45 a.m.to9:30a.m. The south- 
ern half of this circle was to be opened at H plus 10 miutes. 

2. A sector, radii at 315° and 20°, length of radius 140 nautical miles, 
was closed from 14,000 to 24,000 feet from 6: 30 a.m. to9 a.m. 

3. A sector, radii at 335° and 30°, length of radius 200 nautical miles, 
was closed from 24,000 to 44,000 feet from 6 a. m. to 10 a. m. 

4. A continuation of this sector 3, above, extending the radius to 400 
nautical miles, was closed from 24,000 to 44,000 feet from 8:30 a. m. to 12 
noon, 

5. At 6:30 a. m. the 30° bearing in sectors 3, and 4, was changed to 50°, 
and the extreme length of radius was reduced to 300 nautical miles. 

6. At 8 a. m. the end closure time in 3. was changed to 12 noon, and 
the start closure time in 4. was changed to 9 a. m. 

7. At 10:10 a. m., sector 4. was opened at all altitudes. 

Cloud track data were received from one B-25, two B-50's, and sampler air- 
eraft. Maximum cloud height observed was 40,500 feet. Considerable shear 
was present and the various levels tracked showed a spread in bearing from 
about 340° to 60°, The cloud was tracked to a miximum distance of about 
120 nautical miles at all levels. The plot of the several tracks is shown on 
the accompanying map. 

A preshot survey was flown on D-38 days since the zone of predicted fallout 
was in a direction not extensively surveyed by air previously. A low level 
terrain survey was flown by one C-47 aircraft from H plus 5 hours to approxi- 
mately If plus 10 hours and 30 minutes. Results of this survey are plotted 
on the accompanying map. 

Monitoring runs, which indicated activity substantially above background, 
were made along U. 8. 93 between 45 miles north of Pioche, Nev., and Ely, 
Nev.; on Nevada 25 between U.S. 6 and several miles west of Lincoln Mine, Nev.; 
on U. S. 6 between 1 mile east of Warm Springs, Nev., and Ely, Nev.; along Ne- 
vada 20 between Currant, Nev. and U. 8. 50; on U. S. 50 between 55 miles west of 
Eureka, Ney., and Nevada 73; along Nevada 73 between U.S. 50 and Nevada 21; 
on Utah 21 between Nevada 73 and 25 miles east of Garrison, Utah; along 
Nevada 38 between Sunnyside, Nev., and 3 miles south of Sunnyside, Nev.; and 
along several of the desert roads north of the Nevada test site. 

The maximum effective biological dose for a populated area was 2,580 mr. at 
Reed, Nev. The maximum effective biological dose at a nonpopulated point 
was 6,270 mr. in Kawich Valley northwest of the Nevada test site. 

Approximately 385 individual monitoring readings above 0.1 mr/hr., were 
recorded, 

A comparison of the prediction map and the factual maps indicates good 
directional agreement with an overprediction in magnitude (length of isodose 
contours). The cloud track map shows one reason for the overprediction, and 
that is shear. The cloud was dispersed to a great extent laterally. The ground 
survey infinite dose map shows the 1 r. contour crossing U. S. 6 about midway 
between Tonopah and Ely, Nev. The shear, previously mentioned, is also evi- 
dent in the construction of the isodose lines. 

The maximum air radioactivity concentration measured was 5.910? ue/m', 
at Ely, Nev. This represents the average air concentration for a 28-hour period 
starting at shot time. 
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Apple Two: External gamma dose in populated areas and at selected 
nonpopulated points 





Time of Gamma Time of Effective 
Location instrument} ground fallout biological Infinite 
reading level (H+hours) | dose (mr.) | dose (mr.) 
(H+hours) | (mr./hr.) 








Populated areas: 








TER INGY wo idcadicecccncubadsain’ 4.2 18.0 4.1 200 370 
pO ao a 5.8 30.0 4.4 500 930 
Lincoln Mine, Nev 15.0 a 2.6 18 32 
Fallini Ranch, Nev 5.0 13.0 4.2 250 460 
ET CUO ss iis cdintbanwndebuwbd 6.8 110.0 2.5 2, 580 4, 590 
SIDE GS ieee cient 5.6 4 5.6 5 10 
Roo ke, rE er 7.5 < 4.2 6 11 
Digeeee ane, NOV ooo nn cccscncamatos 5.3 38.0 5.3 530 1, 010 
ns ais: ski hascicled hcteton eter aiciel 6.5 8.0 6.4 130 260 
RMINONOE. NOT Si cccccntiiatacwontende 7.3 16.0 6.8 300 590 
BNE. TOON iciciicn sine cmmnnnninastaaietan 11.9 7.5 7.3 250 490 
Bs BOONE i naectc en batecnketgane 13.7 6.5 8.7 250 490 
SN GOIIIE cine daira Srsebaiidodieensnchviondiasestiiibie nll 36.1 8 9.1 95 190 
CRA TONON RIGOR ck wairkcxeitedueioundites 36. 3 05 9.0 60 120 
ORO, INOW = Ccccdaniccacouaeasunmine 9.1 8 9.1 18 36 
Nonpopulated points: 

U. 8S. 6, 4 miles west of Lockes Ranch, 

i 5.4 55.0 5.3 79 1, 490 
PGE VANNey, IOV. cskscssaccenccces 4.2 440.0 1.8 6, 270 10, 900 
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ZUCCHINI 


Zucchini was a 500-foot tower detonation which was fired at 5 a. m. on May 15, 
1955. The shot took place in test area 7 in Yucca Flat. 

The airway closure pattern was as follows: 

1. Starting the evening of May 14 at 10:11 p. m., the warning circle was 
set up as a 265-nautical-mile radius at the Grand Canyon Airport. The flash 
circle was a standard 60-nautical-mile radius of the coordinates 37° N. 
116° W. and closed at all altitudes from 4:30 to 9:30 a.m. The low-level 
closure was between the bearings of 140° and 180° for a distance of 120 
nautical miles and closed at the altitudes from the surface through 13,000 
feet. The time of closure was 6:30 a.m.to9a.m. The middle-level closure 
was between bearing lines of 100° and 180°, determined by extending the 
180° line for 150 nautical miles and extending the 100° line for 340 nautical 
miles with an are of 340-nautical-mile radius drawn off the 100° bearing; 
then at a distance of 150 nautical miles on the 180° line, a direct line ex- 
tending through the Phoenix low-frequency radio range station to inter- 
sect the 340-nautical-mile are. The first segment of the middle level was 
the area extending from the test site out 150 nautical miles. This area 
was closed at 13,000 feet through 23,000 feet, inclusive. The time of closure 
was 5:45 a.m. to 10 a.m. The second segment was all the area between 
150 nautical miles and 340 nautical miles and closed at the altitudes of 
16,000 to 23,000 feet, inclusive, from 7:15 a. m. to 10 a.m. The high-level 
closure was between the bearings of 50° and 140°. The 140° line was ex- 
tended to intersect the north edge of airway Green 4, then direct to the 4 
corners, direct to the Grand Junction low-frequency-range station. The 
50° line was extended across the east course of the Delta, Utah, radio-range 
station and direct to Grand Junction. The first segment of the high-level 
closure was all the area west of a line drawn from Delta to the Grand 
Canyon Airport. The altitudes closed were 23,000 to 40,000 feet from 
5:30 to 8:45 a.m. The second segment was all the area east of the Delta- 
Grand Canyon line and closed at the altitudes of 23,000 to 40,000 feet from 
6:45 a.m. to 12 noon. 

2. At 6:07 a. m., tracking aircraft reports indicated the low-level trajee- 
tories had changed, and the 140° and 180° bearing lines Were changed to 
read 100° and 140°, The closure time remained the same. 

3. At 6:26 a. m., the middle-level closure was changed to correspond 
with the high-level closure. This area was then closed at the altitudes of 
13,000 to 40,000 feet, inclusive. 

4. At 7:05 a. m., the combined high- and middle-level areas were extended 
from Delta, Utah, directly to the south edge of airway Green 3 at Fort 
Bridger, Wyo., then east along the south edge of airway Green 3 to Medicine 
Bow, then south along the west edge of Green 10 to Denver, then west to 
the north edge of airway Victor 8 to Grand Junction. 

5. At 8:26 a. m., closures remaining effective at 9 a. m. were the second 
segment of the high- and middle-level closure lying east of the Delta-Grand 
Canyon line. This area was then closed at altitudes 20,000 to 40,000 feet, 
inclusive, from 9 a. m. to 12 noon. All tracking aircraft were returned to 
base and no further changes were made. 

The cloud was tracked by 1 B-25 at 13,000 feet, 2 B-50’s at 23,000 and 
28,000 feet, respectively, and by sampler aircraft at approximately 35,000 feet. 
Maximum cloud height reported was 387,700 feet, stabilizing at 36,300 feet. The 
cloud was tracked by the B-50’s and sampler aircraft on an approximate bear- 
ing of 69° for a distance of 218 nautical miles. The low-level portion was fol- 
lowed 145 nautical miles on a 118° bearing. 

A low-level terrain survey was made by 1 C-47 aircraft from H plus 5 hours 
and 30 minutes to H plus 10 hours and 30 minutes. The accompanying map shows 
that fallout occurred along an approximate bearing of 105°. 

Monitoring runs, which indicated activity substantially above background, 
were made along Utah 18 from 8 to 38 miles south of Enterprise, Utah; on U. 8. 
91-93 from Glendale, Nev., to 4 miles south of Apex, Nev.; along U. S. 91 from 
Glendale, Nev., to Paragonah, Utah; along U. S. 93 from Glendale, Nev., to 38 
miles north of Glendale; on Warm Springs Ranch, Nev., Road; along the Mormon 
Mesa Road; on the roads in the Moapa Indian Reservation; on Nevada 40; on 
Nevada 12; and along several of the roads east of the Nevada test site. 





~~ 


~w 


RADIOACTIVE FALLOUT AND ITS EFFECTS ON MAN 417 


The maximum effective biological dose for a populated area was 700 mr. at 
Moapa, Nev. The maximum effective biological dose at a nonpopulated point was 
19,900 mr., 7.5 miles south of Papoose Lake. 

Approximately 375 individual monitoring readings above 0.1 mr./hr. were 
recorded. 

A comparison of the prediction map and the factual maps indicates an over- 
prediction in magnitude and a 5° to 10° difference in direction. The low-level 
terrain survey map shows good agreement with ground survey results with the 
exception that it indicates shorter isodose lines. The ground survey map shows 
an additional light fallout pattern to the northeast. One r. infinite isodose con- 
tour intersected U. S. 91 and U. S. 93 in the vicinity of Glendale, Nev. 

The maximum air radioactivity concentration measured was 7.8X10-~° pne/m’, 
at Cedar City, Utah. This represents the average air concentration for a 28.2- 
hour period starting at shot time. 


Zucchini: External gamma dose in populated areas and at selected nonpopulated 
points 





Time of Gamma Time of Effective 
Location instrument; ground fallout biological Infinite 
reading level (H+hours) | dose (mr.) | dose (mr.) 
(H+hours)|} (mr./hr.) | 





Populated areas: 








Warm Springs Ranch, Nev-__.........- 3.4 50.0 3.4 470 850 
Indian Springs, Nev 6.6 18 1.2 4 6 
AUGER: INGW tact ccucdccunctes 4.1 6.5 3.5 75 140 
SEY PE, DNV odin no ccadaucedetnen 3.8 7.5 3.3 80 150 
COGIEE FOO a ac ccthtkeucdancacweduind 3.5 11.0 3.5 100 190 
CUA POs ecb ourctuintinnnniee 13.5 9.0 3.9 42 7380 
| Se ae 3.9 65.0 3.6 700 1, 290 
Mesquite, Nev......... 12.0 3.0 6.0 110 210 
a 4.8 8 3.8 10 21 
pC Ee ae 5.3 20.0 4.5 290 540 
CPP TOG an, ck cc csantiannceiet 5.6 7.0 4.7 260 480) 
CE C7Nts SOOM wo ccticténsctnuciddeacn, 7.0 4.8 6. 6 90 170 
GOTTA VINO, UCHR cccnnncccsanseces 8.7 2.8 6.2 70 130 
PaO ey CNN iek nota seabesnateeeess 9.0 2.2 5.9 55 110 
BNE, WP WMEE icc ptreuritnd dc pedadhacedecas 9.3 1.8 5.7 50 91 
bf a eae ee 9.6 3.9 5.2 110 210 
a Re re 8.6 3.0 5.0 76 140 
PRED, NIG nncousinicireactaencmnc 11.6 2.2 7.0 70 140 
PUCOWUE. WON nich deaken cadences 11.7 5.5 7.3 180 350 
Paragonah, Utah......... 11.8 4.6 7.4 150 300 
Batiee Oithy UO, -cccccesausacgacecds 8.5 .8 4.8 20 38 
en ge | ee ae 7.3 13.0 4.6) 270 500 
Nonpopulated points: 

U. 8. 93, 12 miles north of junction 

WIRED. Hal Wl nc cicagasedacnaMareass 3.1 82.0 3.1 700 1, 270 
7.5 miles south of Papoose Lake. ..--.- 32.7 85.0 0.5 19, 900 32, 500 
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6. SUMMARIES 


In this section are summaries of the film badge program, accumulated dosage 
in populated areas, water and milk results, and air results. Each of these 
subjects is discussed in a subsection while accumulated dosage in populated 
areas is presented as table 2. The values presented are those measured by 
survey instruments and by film badges. Survey instrument readings have 
been expressed as effective biological dose and as infinite dose. Every popu- 
lated place in which either type measurement was made is included. 


93299 O -57 -pt. 1 ( Face p. 422) 





CAN 


\ > ih x 
\ 3? ?: 
\<« ” 


* 
\ 
\ 
« 
7 Ses. ‘ =3 
*. 
eee 5 
ts “a 
* on c 
® . ; 
~ a 
ie 
~ 
. 
‘ 
®) ' 
i -- s 
me ee be! %. — Bes 
} . oy ie 
‘ J Wea 
‘ 
~ 
‘ 
~ 2 
\ of 
‘ 
Maw Mave O1 * 
’ 
4 ’ 





> 
™- 
2 


















‘ jos ee TG 
i se wom | 35 
# eS! 
< _ Fa “o-we { : 
pti (> ‘ whee fg 
ano - —— + “ QO oO 5 4 > 
7 wae £00 r (er) Z\> eony wen oh | gel 
a TS . , & < uree [ i } 
cre . a ’ ® (Fo) ; eo 
/ S (3 ‘ 
“ve ~~ feet tee wo ™ . 
Ket tee Nw ER the. ~ 7 wy mines COL t 48 Gb. me fees 488 
ee ee ee “ € toe ‘ awreney ™e. ’ + 08> 
= oat We wiwe @ a e aul? nginpy wOMtONS ™ 7 om. es ew 
~ 3 + On : ; ert > a S405 39 0N 3+ tare Hows, «es 
a Sx Ke %; \ hatin 3 ‘Ss (Oe 2... nr 
- w- y’ aa cee oe 4) vid ~\ Bete Meng 
ie oat i * *wO9e S¥? ON Vv av sti. 
sy ovmy (Hg ae SHUN \- NOISPEMD” SMOWIN 4 ativan i \ 
PA, e a tt yw , ¢ a ‘, en RivI0 se; ‘ ” 
a, PG None 9 (Ee) ‘ - 3 ’ 
be J ann . nu (fs 
“ : ~ Ja x Be ar BP —“aavnan ei 
\ = 5 ’ r g sam 
‘ . ’ : Ves 
\ 
~~ . 
ie nw Oniaes 
ay 
\ Be é 
j mete ae ; 
: 6 qs & Mod 
WNOTIPY) 
Hyer ( out i 3 
tF" 993030 INIVS', VEY! ‘ 
NO LDNIS oa ” % ~\ 
Bea SLIM AIMS i Z 6/ 
qnas poms ns ’. « nd oes ; " | 
Sas : * : 
t006 , we ae : arin Sow Y |S { t y stiaveo Das” 
set yi Gin Seog PER) | 2 
~~ ‘ j ~ ees 
, if ne od GD’, eet a! “= y i ' | i} Fe ” 
ona rere S 1 Sormels wisseohe- inf Gif Yo { \ -y4]' 
wads n , ae ; ‘ ‘ 
n La ioave, 048 oo a x A - { | feat ! 
“yivos fon 24N2° >. 11Nv WS £6) } > ‘ ; aos . — J i, eee 
i Sie g% YD.) iam } fevctd 00100 
Ph8 ' “a - oe | 
@ Pg /s | 
; ‘ ! ! - 
iy ‘ \ ' \ , py 
‘ ‘4% 
at ' 
oe 3 ‘% ‘ x / ($8) 
7 nosvov } oti csi 





é 


woes oO. 
z \ge 


/ fesse} 
, | 
a gutta dai senate iswi 
ee : ! mone 
x + anise S 
hi sono} ) 1D ow ‘ 
‘ / | ‘ : . o 
7 / ' = a / 





wr war ee ~~ rw ww er eS | Vy SS o=zawe ww Ste * 2S SS SS 








RADIOACTIVE FALLOUT AND ITS EFFECTS ON MAN 423 


FILM BADGE PROGRAM 


Film badges have proved to be a practical method for large-scale area monit- 
toring. During Operation Teapot, an area of approximately 50,000 square miles 
was effectively monitored by the use of film badge stations. These stations con- 
sisted of the following categories: 171 worn by residents in the off-site area; 
106 in populated areas; 152 inside and outside schools; and 126 at nonpopulated 
points along all of the major highways and most of the less-traveled roads. 

sadges were changed at frequent intervals, with a total of 4,420 individual 
badges used during the operation. 

These data are summarized in five bar graphs, Vethrough IX. In these graphs, 
the percentage of accumulated exposures for the test period which fall into 
various arbitrary exposure classifications are plotted. The actual number of 
stations which occur in a particular exposure interval are written into the 
bar and the highest accumulated exposure for a single station within a category 
is indicated on the graph. 

Graph V shows the accumulated dosages received by the 171 individuals 
scattered throughout the area who wore film badges. There were only 3 indi- 
vidual exposures greater than 500 mr for the test period. All of these occurred 
in Alamo and the highest was 750 mr. Since the records show that a portion 
of this dose may have been accumulated in Kawich Valley, it is more likely 
that the exposure at Alamo was around 600 mr. 

Graph VI shows the accumulated exposure as measured in populated areas 
other than on people. The range of exposures and the upper limit is greater 
than is shown on personnel badges. The highest single accumulated exposure 
was 3,910 mr at Elgin, Nev. 

A comparison of graphs V and VI seems to indicate that the dosage received 
by the inhabitants of a particular area is less than the dose indicated for that 
area as measured by the same method. Approximately 94 percent of the 
dosages measured on people were within the 0 to 100 mr range and only about 
57 percent of the exposures measured in these same areas were within this 
range. 

Graph VII shows the accumulated exposure measured in unpopulated areas, 
Although there are a greater number of higher exposures noted in this category, 
this is a reflection of the higher close-in readings. Levels greater than 3,900 mr 
were detected at only one station beyond the gunnery range limits. This was 
an accumulated exposure for the test period of 6,930 mr at an uninhabited 
point on U. 8. 93, 15 miles south of Alamo, 
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Graphs VIII and IX show the accumulated exposures outside and inside of 
schools, respectively. The highest exposure outside was 1,160 mr at Alamo 
and the highest inside exposure noted was at Fallini Ranch School. The 
significant feature of these graphs is the apparent protection afforded by 
school buildings. The upper exposure limit is reduced by a considerable factor 
on a gross basis and while about 95 percent of the inside exposures fall within 
the 0-100 mr range, only about 77 percent of the outside badges are so limited. 

One other factor of interest should noted. When the badges are considered 
on an individual basis rather than by stations for the whole period, the per- 
centage of negative badges becomes very large. The entire range of percentages 
for individual badges is tabulated below. 
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If one considers the extensive area covered during Operation Teapot, the total 
number of badges and the large number of badge stations, and the numbers of 
people wearing badges off site, then film badge monitoring would appear to have 
the following desirable characteristics: 

1. Film badges offer a permanent record of accumulated radiation expo- 
sure. 

2. The exposure measurements obtained from film badges are not subject 
to error due to mathematical manipulation. 

3. Film badges are convenient to use. 

4. Extensive areas can readily be monitored by the use of film badges. 

5. Film badges require no attention during the time they are recording 
radiation exposure. 

6. From all available information, it appears that film badges can be left 
in the field for extended periods without adversely affecting the accumulated 
exposure data obtained. 

7. People wearing film badges have a positive feeling that steps are being 
taken to look after their welfare. The typical attitude seemed to be two- 
fold: (a) that they were important enough to be considered; and (0b) the 
feeling of being protected. 

S. Film badge records have an official status in radiation protection pro- 
grams, 

3ased on performance during Operation Teapot, film badges are an effective, 
practical, and economical way to monitor both extensive land areas and people 
during a continental test series. 

Inevitably, when data which presumably measure the same thing are collected, 
a comparison of results seems indicated. Comparative data at film badge sta- 
tions in the Lincoln Mine zone are shown in the following table for illustrative 
purposes. The results shown are given in terms of effective biological dose, 
infinite dose, and accumulated dose as measured on film badges. 

If one were to draw conclusions, these could only be broad generalizations, 
such as that the film dosage is roughly comparable to the effective biological dose. 
Striking exceptions are apparent. To attempt to be more specific, as for exam- 
ple, trying to arrive at a valid, constant factor relating the various types of data 
is not warranted, The reasons for this are outlined below. All of these various 
data, however, are useful and the fact that they cannot be strictly correlated does 
not impair their individual value for various purposes. 

Film badges and monitoring data do not measure exactly the same thing al- 
though it might seem so at first glance. The measurements made by these various 
methods might be stated as follows: 

Film badge results are a measure of the total accumulated radiation exposure 
within a given energy range, at a fixed point, and for a given time interval. This 
time is generally the period of the test series plus a week or two prior to and 
after the series. 
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Comparison of accumulated dosage readings in the Lincoln Mine area 





Monitoring results Monitoring results 
aa ee ba ee ee 
Film badge ose, Film badge dose, 
station Effective Infinite milli- station Effective Infinite milli- 
biological dose, roentgen biological ose, roentgen 
dose, milli- dose, milli- 
milli- roentgen milli- roentgen 
roentgen roentgen 


4, 590 
133 





Infinite dose is the maximum calculated exposure from time of fallout to 
infinite time at the place of measurement, based on an instrument reading taken 
at that place and extrapolated to infinity. 

Effective biological dose is a percentage of the infinite dose obtained by insert- 
ing certain impirical factors for shielding, weathering, ete. 

The reasons why these various means of estimating accumulated dose are not 
absolutely comparable are: 

1. Both EBD and film badge doses are a variable percentage of the infinite 
dose. The relationship of EBD to infinite dose varies from approximately 
60 percent when the time of fallout is 830 minutes to about 50 percent when 
the time of fallout is 9 hours. The relationship of film badge exposure to 
infinite dose varies with the total time interval covered by the film badge 
series, at a particular point. 

2. Infinite dose and EBD are mathematical extrapolations of a single 
reading by instruments, which will vary with the accuracy of the reading 
and the approximation of fallout time. 

3. Dosage determination by film badge measurements does not require a 
knowledge of fallout time. Film badges measure directly the actual dose 
present at a point during the time of exposure If changes in radiation level 
occur during this time, such as the blowing away or covering up of radio- 
active material or the secondary deposition of radioactive material at a 
later time, these changes are reflected in the film badge readings but not in 
the infinite dose or EBD results. 

4. When two closely spaced shots proceed in the same direction, the 
monitoring readings from the second shot may reflect residual radioactivity 
from the previous shot. Extrapolation of the readings may result in higher 
infinite dose and EBD. 

5. Fallout patterns are directional and frequently sharply defined within 
a given area. Unless the monitoring reading is taken at the exact point of 
film badge exposure, the results cannot be compared. 

6. It is possible to fail to record a significant portion of the total exposure 
on film badges by discontinuing the program too soon. This would only 
occur under special circumstances. These would be a situation in a close-in 
area where the major portion of the exposure occurred on the last shot 
and the badges were collected immediately thereafter. It could be theo- 
retically possible to fail to record several hundred mr. of total exposure 
under these conditions. It does not appear, however, that this could be 
too much of a factor beyond the gunnery range limits. 

7. Film badges are a positive means of measurement of personnel exposure, 
Where film badges are worn by people, they measure the actual dose received 
as these people move about in their daily routine. As far as the individual’s 
exposure is concerned, it is unnecessary to speculate as to his probable loca- 
tion to know his exposure, as is necessary when using monitoring measure- 
ments. 

The above material indicates that monitoring and film badge measurements are 
both necessary and supplementary data. The overall picture of the total ex- 
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posure resulting from either type of data is similar in nature, but it {s imprac- 
tical to attempt to relate the two types of measurement through some specific 
and constant factor or factors. 

The large amount of data that can be obtained with relative ease and economy 
by film badge measurements indicates that these measurements should become a 
permanent part of offsite planning. The major change that should be instituted 
is to increase the area coverage (school and personnel coverage was probably 
adequate) and at the same time to reduce the workload by less frequent badge 
changes. 

Although the offsite program was concerned primarily with exposures of 
people and animals, numerous close-in monitoring runs were made to aid the 
Fallout Prediction Unit. In future operations, this assistance could be supple- 
mented by lines of film badges across the gunnery range to aid in this objective. 

Aside from the items mentioned above, and minor details regarding record- 
keeping, the film badge program as operated was so successful and so productive 
that it appears that future programs should be based on the same general plan. 


TABLE 2.—Accumulated dosage in populated areas 





Film badge record 


Effective Infinite dose 
























Location biological (mr.) 
dose (mr.) Time interval | Accumulated 
} dosage (mr.) 

Mi I Nt Apr. 1-May 16_....- 13, 130 
Binet: See oo cea cccheouad 200 370 | Mar. 11-May 16_.-.- 1245 
a I ne 1, 359 2,407 | Feb. 12-June 7_..... 1, 160 
GANG ohn cht been ceeuene 19 Be Rises eciakaweenes he ane 
Anderson Junction, Utah..........-.-- 34 69 | Feb. 11-May 20...-- | 20 
See UES boat icacd dena edncnseoae ‘eb. 11-June 7...--.-| 110 
OCR INOUE cccciinniwecsgncaaeees| - «WA «»- “SRI aco a ee : 
Bs PUNY d c#aidcstcueecdscoucminkwawen . 12-May 19..... 40 
ANON in dcunGoteccucdcscascacus | . 11-May 23..... 24) 
Barclay, Nev....---- EE Re er, eee en . 12-May 16....- 1, 860 
Bear Valley Junction, Utah..........-- . 11-May 21....-. 390 
I IG a ss i casesmninin tecteptesgis tidistads tp anton aeaniaitiibamatita da b, 21-May 17....- 1An 
DORE, WOR... Bsc ccccsceascinas embe 270 540 | Feb. 14-May 23...-- 100 
Desvel Paw, AMG. cock caiccacckcscen 300 560 | Feb. 11-June 10....- 145 
ee eer 102 200 | Feb, 21-May 20_...- 50 
Beryl Junction, Utah. ..scscosuncecccos 456 870 | Feb. 14-May 20_...- 635 
Bowler Otis, IOV .ccassccdscacancones 83 156 | Feb. 12-May 17-.-..- 30 
Bristol Bitvet Bint. NOW asi cece hc esate een  cecaseosaneuas Feb. 21-May 17...-- 120 
Buckhorn Ranch, Nev-...............- 980 Bh PA cis spas nada taisdiglpnen alii ins aden china iniaraita 
PREV NO, TNOY con cinaccncunsusocaus 19 37 | Feb. 11-June 10_.... | 25 
CONDE EON W ics icsckersinaaidhenhntnemamewiarnone 320 609 | Feb. 14-May 16_-..-.- 371 
Cs PEO iio kcicntnckSalcmmasecusoewes 20 41 | Feb. 10-June 15..... 60 
A ‘eb. 11-May 16....- 0 
COOGEE DIET, TUR catccencdéacncutenus | . 11-May 20. ...- 20 
SN I needed belt chaaaunoee Mar. 24-May 20....- 10 
Clarks Station, Nev-_ . 11-May 21..... 10 
er ene, ON. Uo cn cenkacenwacuus: 5 Feb. 14-Mar. 10...-.- 10 
II A nh ok ae ee ee eee ‘eb. 11-May 16...-- 450 
CRUDE TNO 28 on dewman 5 ‘eb. 11-June 7.....-| 60 
Crystal Springs, Nev f 91 | nick ns tpinteil cape eiea eds acidnicltiahantatidlates 
UT RON eas. cen daineeeencain 212 429 | Feb. 11-May 21....- 295 
ee ae ae 47 a he Ie Bei eibeicee 
TNT Ai, TOOT 6 os we Unainncaneaneowcadin 210 385 | Feb. 11-June 7_..... 245 
PURER OREN POON «ic nccucsmackecacnmses 300 590 | Feb. 11-May 21....- 345 
Te a in aa ates eanceaias  paaan ine aiaeeiieeaelieialll Feb. 12-May 9--....- 1205 
MR ON oss Ai cn cnecunenenee 2, 880 6,340 | Feb. 14-May 24...-- 3,910 
Be Pees > oi cnnmaancccudchapacweucen 328 653 | Feb. 12-May 9_--.--- 1205 
IERIE. TINO coos cncsnncnssemene 182 344 | Feb. 14-May 20...-- 220 
BUI I reed 18 36 | Feb, 11-May 19_.-.- 370 
Pal BO NOV 6 one nccddenncducsce 250 460 | Feb. 12-May 16.-.-..- 395 
i a aE pe mene eyes 17 BP-1i a. Stl kdcepe ian neaks adduwannadan 
Garrison, Utah 94 191 | Feb, 11-May 23..... | 15 
SUPREN TU  eee 738 DOO loc ceutindcctndanweedkenlieeseasesekess 
Glendale, Utah 19 37 | Feb. 11-May 19....- 10 
Ce: NOG. ek cnccwcedackdacccass eaeacsdeedinewamsecsmeasean Feb. 10-May 18... 0 
MOORE BEGOE, NOV oc cicsnderivarsconsinlcassuasl idnaeiaeneaee breed Feb, 12-May 14..... 1345 
ee > Wn eslae 8 7 | Feb. 11-May 20....- 20 
Hamilton Fort, Uta. os cccacccccasccce 95 BO take ks kad dalewusaee al aie bkebbek ag 
Hamlin Valley, Utah...............0.- aisles abies Ulan aan dee & aia Feb, 20-May 20..-..- o 
Harrisburg Junction, Utah............- aia had ep ubcnicande Feb, 11-May 19..... 75 
Henderson. Nev......-- 8 OD Vcka cea cecnnaasussanes tenon en ithiidckats 
waned; OV! ck ancccse 63 110 | Feb. 11-May 16...-- | 150 
Hoover Dam, Nev 11 et ecece ci is otc rica ae stab ions ; 
Brorrieane, Wt) co ea econ 61 100 | Feb. 11-May 19-..... \ 20 


See footnotes at end of table. 
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TABLE 2.—Accumulated dosage in populated areas—Continued 





Film badge record 
Effective | Infinite dose 









































Location biological (mr.) 
dose (mr.) Time interval Accumulated 
dosage (mr.) 
Pdien Bering, NOV. sascccoscccnssaues 12 22 | Feb. 11-May 18_-...- 7 
MND NSW se os cance sarekisawcanahowe Poca fees ees be eee Feb. 11-May 19____. 10 
Wenetraville, UteN o.oo. ns. cece 220 420 | Feb. 11-May 20_._.. 50 
SIND RI a tate wcsgatisinheh depicts emit Vain heh GaTianin W ehs ees ae ee ed oe cienon 110 
Lake Mead Base, Nev...............-- 16 ee 6 ele a 
Bik WON TAO. x. conkuanccaecedekooce 140 260 | Feb. 11-May 17_-... 30 
Lathrop Wells, Nev. 21 42 | Feb. 11-May 16....- 0 
CE RT eit on os alacaaeaibanteinecia! 4 179 | Feb. 11-May 20_...- 10 
Dineen Weis, NOV. 6c. cccccs to swnnee 62 116 | Feb, 14-May 16_.... 100 
MAING OTN. cotcs unecasaodesactwes 10 20 | Feb. 11-June 10__._- 160 
Lockes Raneli, Nev.......22<..<.c0<«s 662 1,289 | Feb. 11-May 21_-.... 7 
RANGOON, TRON on sitcenintes bene 307 573 Feb. 11-May 10_..-.. 1230 
TR ae aimee 513 1,012 | Feb. 11-May 21-.... 315 
NN, UMD 22 2.5. Sco csdconloe eS od ee | Feb. 11-May 20-___- 545 
PIR INOW viicinccowudiunecacacon 2 ecadwuneescuahaduousoucesnns Arey aan recess 120 
ES TR enue oica anu adinencuencees | 16 32 | Feb. 12-May 20-_-.-- 80 
DRONE To ING C vicoceccncsccncsecsacenes 42 Sa i oe oe thn 
WANONNG, PHON ic coseasdedtusesconaeae: 120 229 | Feb. 11-May 10____- 120 
Ts PRR eae cn ii tcacenaceseskes 70 14) | Feb. 12-May 23....- 120 
IN PRO ao. cnbce su taat sul ccdacasananteeareaeen eee | Feb, 11-May 19__._- 30 
PESTO, POON cies canta ttedeascsodcds 170 330 | Feb. 12-May 23..... 200 
OGG PINT 5 chia cko deta caepeaonae 890 1,653 | Feb. 11-June 7_._-.- 865 
EOIN, CF ES nck ca edeceececiwasanae 99 190 | Feb. 14-May 20..._- 40 
Pn On ican ted | Feb. 11-May 21-__._- 0 
Mount Carmel Junction, Utah_...-_-_-. Be ee ea ee se | Feb. 11-May 19____- 50 
S.C a eee ae 3 86 buco eden ee 
North Las Vegas, Nev................- 192 Oe faaonsudsh Ghanaians ace esa 
DRO OMOE IG. BI Ns eo cucu dumnnondcncda 182 BO iin taeccteg a diet ne 
Now Harmony, Utalic .....ccncccenssuis 59 110 | Feb. 11-May 20_.-_- 
RNS DROW es en oo aceite 500 939 | Mar. 10-May 16..-_- 
OLOeE Vie, TORR. cncetincccguenwomnndan 19 37 | Feb. 11-May 19_--.- 30 
PRG, TROT: con cnanennuasa uisaceded 260 480 | Feb. 11-June 10_..- 160 
UU. NOW sar do cn ciscccncutndeicds 3 6 | Feb. 21-May 16__-_- 1260 
I. TOON 5 os a te dn aoc eeietgiied aan 149 283 | Feb. 11-May 17-.---- 100 
PRPEROORN: Ni CEM ccccascccdncadsacdeuss 166 332 | Feb. 11-May 21-.-...- 120 
POO, CO aus dndacchsnkidedconnte 185 360 | Feb. 11-May 12-_--.- 120 
I US nn ee oe ksh oe eae el i are eae Feb. 11-May 19..-..- 40 
Pintura, Utah 55 110 | Mar. 4-May 20___..- 120 
Pioche, Nev- j 5 Feb. 11-May 16_--.-.- 20 
Preston, Nev. Feb, 11-May 21....- 160 
Quests Ming, NeVsseiwccciissedenscscs) i I C«*‘(<“‘ CR eee ee ee 
BEGG. PUT 2.542 dc cite sa cankhaaiehaaaains a g May |g. RES 12, 990 
po |, a a ee ae ee x Feb. 11-June 10_...- 390 
PROGR GIG, OIO icc baccnaatandscwecsess ) | Feb. 11-May 19-...-- 20 
Round Mountain, Nev [ee ) ae |) ea 10 
Meee PO sat ee ee Feb. 11-May 20..-.-- 69 
Bees Clare. Wis .c5...ndcosceccend f | eee ere 0 
Bt, Glemree. URE ge neds ntencacnaonnee Feb. 14-May 19___-- 40 
I A a acs sien a in ed ren mca a lee adeeemee Apr. 12-May 16..... 120 
IPTIINIE: HOU s ncn ccecnnkcdeuawse I alee ae ee Feb. 11-May 17...-- 20 
Springdale, Utah. | Feb. 11-May 19....- 60 
Strawberry, Nev Ciccone 20 
ER: 3) GINS 6 oh bic icininis pase dmaneaiens Feb. 11-May 21-.--.-- 30 
Sunnyside, Nev ee ee 20) 
Tenopah, Nev... : = . 10-May 10_...- 110 
pg SL ren eee 63 129 | Feb. 11-May 19__--- 30 
ne ON 4S anew adnan 19 40 | Feb. 11-May 16_..-- 10 
WS RIMES cetera ce ee erie 14 27 | Feb. 11-May 20_..-- 10 
We, COR: eos 55 down cnuwae souls escure Veccearmsiaaneinsdcuse Rimaebeeeseeie ice acs Se EC eed 110 
Warm Springs, Nev i a | 13 335 | Feb. 11-May 19_...- 190 
Warm Springs Ranch, Nev........---- 567 1,034 | Feb. 11-June 7_..... 880 
We WemeentOID  NIGGIT. c= ewecccsennnnmedoce 197 385 | Feb. 11-May 19_...- 30 
bo 3 Fy OSE ee 8 I ta ee ee 
yg ee Rie a ae 275 525 ear tae etieee | ik ais tesaedogaeeeaie 








1 Interval covered by film badges did not include entire test period. 
2A badge is missing, which may have added significantly to the total dose. 


WATER AND MILK RESULTS 


In tables 3 and 4 are presented selected results from radioactivity analysis 
of water and milk, respectively. The data are selective in that only results 
where the radioactivity concentration exceeded 10> ue/ml. at the time of collection 
are shown. During the series, a total of 149 water and 134 milk samples were 
processed. 

The background concentration for water was 6.8X107 we/ml. This average is 
based on the analysis of 30 samples. The background concentration for milk, 
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as determined from 21 samples was 1.810- ye/ml. These background samples 
were collected and analyzed prior to the start of the test series and the data 
presented are gross values. 

Relative information can be obtained by comparing the respective background 
value with the data presented in the appropriate table. However, there are 
several factors which should be understood before making such a comparison. 
Such factors would include: 

1. Background values are gross figures. In other words, there may be 
differences in background from one type source to another and from one 
area to another. 

2. Extrapolation by the 1.2 decay law is not completely valid as radio- 

; active materials are removed from water selectively and similar selectivity 
| takes place when radioactive materials are metabolized by an animal. There- 
fore, the tabulated values are in all probability conservative. 
3. Time of fallout in large lakes and running streams is difficult to 
determine. 

4, Time of fallout as well as time and method of contamination for use 
in calculations involving milk samples is practically impossible to determine 
without exhaustive specialized study. 


Table 3.—Radioactivity concentration in water 


| 
Detonation which) Activity at Activity at 
Location produced fallout | time of collec-| time of fall- 
| tion (ue/ml) | out (uc/ml) 

















RIS) MR RRAERD DRC, on nsanmakaneniewaataandamne wane POR cc cossiaceaas 2.4.x 10-4 3.0 x 10-3 
Maynard Lake.-..-..-.-..-.- seinen mne ese a eee Osco ecese. 1.0 x 10-3 12x 10-3 
REGIE WV RIOT, WOR i caks cnn dncnncdcdecusae ‘ palneapn yl un een adebeammeted 5.7 x 10-4 lixi0-3 
Maynard Lake_-- ia case eoddatadaaaa Eaidalont iss soa: 14x 10-4 71x 10-3 
EP OCOE ES INET os sis cccn sadn nsaneieeenscadennccions A soe 6.0 x 10 1.8 x 10-4 
Meadow Valley wash imam cARensncemabest ae saedanbees 4.6x 10 1.5 x 10-3 
Cedar City, Utah (melted snow) hs aed SA kes 1.3 x 10-4 ix 10-4 
Waterhole at Groom Rd. and Nevada Hwy. 25_.......--- a se | 1.3 x 10-4 6.0% 10 
Waterhole at north end Papoose Lake..............-.-.._!- ii dacaaeass | 14x10 25x 10°3 
Upper Pahranagat Lake. .................. --| Apple Two 2.6 x 10-5 5.7 x 10-5 
SP WHGE HOUNONE, LUON sco nc cathe cUuksecacecksdauesecscel cans | 1.6 x 10 3.7.x 10-5 
er PeeSONE TORO. oe ccc ceewecncsucuensaoee do Seats 2.8 x 10-5 6.3 x 10-5 
Wire River af Hiwerside, NOV. <..ccccscecscccccccwcsccas Bn Sw ctalaettns! 3.8 x 10-5 20x 104 
Lake at Beaver Dam, Ariz Sania mann & aula mae OG otcctas 9.1 x10 3.2x 10-4 
IRI I ol or oe 8 ak ee ee eaeedl DO scence: 6.2 x 10 $.2x 10-3 
Waterhole at north end Papoose Lake__-.-...-........----- 10... steams 2.8 x 10-5 3.3.x 102 
Pe Caeeroe, tele, BRUNO. 8. co esubsw ccudcbdecenct PGs cc tet senor 1.3x 10 2.9 x 10-5 
Leeds, Utah, tapwater- ae aa wite leis Cbaoi A eee, 1.0x 10 2.0 x 10-5 
Irrigation water near Warm Springs, Nev.......-.--- OES) i, eae 11x 10 3.1 x 10-5 
Cedar City, Utah, tapwater.............<...... ceneaaen Zucehini_...... 2.0 x 10-4 12x 10-3 
Central, Utah, Reservoir... - Dba aise baa hae ales Leis eabicneeewes 5.4.x 10-5 5.4.x 10-4 
Leeds, Utah, tapwater___- ; : eR, ES 1.2x 10-3 88x 10-4 
Waterhole at Groom Rd. and Nevada Hwy. ‘ | G65. 62225 4.3x10 2.3.x 10-3 
i TT sec a aa Re ae case 17x10 19x 10-4 
Virgin iver Gb Versio, NOV <..occscscuncveccdecccsacce tock Meese rele 1.3 x 10-4 &. 3x 10-4 
RGN © Gi MNERG EANO 56 ob cddion can ntnbndeesdsanewanace Scie ce eatsed eit 6.0 x 10 9.8 x 10-5 
Creek at Ursine, Nev. , cee be daocab eet dl MI aS Min 1.9x 10 2.2x 10-5 
Coder City; Uten Gmelted hail)... 222.5. cc | some iaa ae iataraaihes 16x10"! 16x10" 
Lake Meat at Stewart’s Point ....................-.....- ae eae 1.0x 10-5 8.3.x 10-5 
PORE ERG I aS a ee ee RL gn ee es 1.5x 10 17x 10-4 
Taste 4.—Radioactivity concecutration in milk 
Detonation which Activity at 
Location produced fall out time of col- 

| (probable lection (uc/ml) 

TIN SEAT RNIN a i a a Ti et 2 NAR. ck ice chee 1.3 x 10-5 
Hiko, Nev. (ranch : a Scan a ceasten sasha tsk ciaasiedsacss ate ca do ; 1.2 10-5 
Alamo, Nev. (ranch) wes igs oa ; eee a RUE cenit csacosnsaes | 1.3.x 10-5 
Do_. vo an acai cate lh at NS css A! ee nS OS Web ee | 4.9 x 10-5 
Do__  eccciuard wee i we en ee ee Saree do Or ae Saas 49x 10-5 
meave, Uteli (nity)... os ec occas cpeulsedek bine OD EAR oe ie 1.5 x 10-5 
UPAR EDA PGRN ERIE) oo sk ek Se es a eI Re Sm sie | 40x 10-5 
Do kia piced ale oak td al a etaneg Uae ea a! | Met fe aa 1.0 x 10-5 
Beaver, Utah (dairy) ae a Fe Oe ER: 5 Se Gio bon ate nas 1.3.x 10-3 
Caen ey W tan faery) oo cs cn, nk eee eka do 5 ee 1.3 x 10-4 
Bly, Nev. (ranch). 0.222. 5cc. Sus Whether eo ed MR dd os a a cea 1.9 x 10-8 
Ely, Nev. (dairy ins Ete. oink aa OR ee eee 1.2 x 10-5 
Ri ee BO bes oeanc Oa wieb eae Rodent PL MOUs oe Smee ewes 1.0 x 10-5 
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AIR RESULTS 


Table 5 is a summary of all the air analyses obtained during Teapot. The 
location of air samplers, the dates and times of sampler operation, and the radio- | 
activity concentration expressed as wc/m’*. averaged over the sampling period are 
given for each detonation. Values of 10°° uc/m*. and less are in the range of 
normal air-radioactivity backgrounds measured before and during the operation. 
Therefore, results less than 10° yc/m*, are not listed other than as 10° ye/m’, 


Tas_e 5.—Airborne radioactivity concentrations 


SHOT: WASP | 





Sampling period 


Location Activity 









































uc/in 
From— To— 

ID BROW «5 wide genes minmasudendeeiueee 1125, Feb. 18...... | WOU, Ms ecns 10-* | 
RTI, NOV sien dnsnadandimesanweecuseeemequaumeen | 1218, Feb. 18...... Feb. 18.....-| 2.0x 10 
NGO Cet; SOMA in dedicnddadncudoan essence | 1130, Feb. 18...... » BOD. BO cccnn 5.0 x 10-6 
RIA eee eee ne pena } 1130, Feb. 18_....- Feb. 18... ....} 104 | 
RN RAE is whi ndecina ers alae ee edaenan eed marie | 1130, Feb. 18. ..... | Few. 18. = ...- 10% | 
OP INS asi cncecanusducincemaskaeecemey ne | 1108, Feb. 18_.._-- | Wen. 10. 3 5-. 10-5 | 
is AINA cise sic area tspdsicheeatnaeaiai ieeieeeinannaagiied } 1200, Feb. 18...... | Pen. 16....... | 10-6 } 
TRO SN INOV. co. cteccnncdankcacccdennsnaeee } 1200, Feb. 18..._.- POs Socaias | 6.6x10-3 
Tier WR DOOU acca cksacdbbtinkonneouh insices laced | 1200, Feb. 18..._.- , |} = 10% 
TANOOMY MAD, NOW g o6 coc secs concecuaseakecesions | 1200, Feb. 18__._. Feb. 18_....- 10% 
PION, PROV ic citacadataucdedacnwckesubinameate S| Rae eke ccs 5, MODs Wc canad 1.2x 10° 
WROD, ING Cod inca wasoncouadcecimanancnats aptmee | 1300, Feb. 18..._-- Feb. 18....... 10-8 | 
ON RONG i ci. ttle aekas voted ccmnas atic ceeanueeel | 1200, Feb. 18_....- en. 14:.6-~.< 3.3x 10% 
TS TNO ia serenity bare cern eeer ac ansecncainie sierra thee epee aaa 5, Feb. 18...... 10% | 
a, ae eae SSS ee | 1125, Feb. 18....-- - ORs Wadacca 1.6x10% 
ON: ClO cu wckuuat ab cddins invecnainntmeadn aaa 0800, Feb. 18...... Feb. 18...... 10-* 

— - _ —- | 

SHOT: MOTH 
ICING i icmnnhtcce sees Ret arta 0620, Feb. 22 st 0850, Feb. 23...... 3.2x 10-4 
NOU Ri ica 5. aoe skciacanehennenumteee 0545, Feb. 22....-- | 0845, Feb. 23.....-| 81x 10-8 
RSs WHEN sccc i coscscc lode ase ead la henlec vector 0540, Feb. 22......| 1745, Feb. 22....-.. 4.9x 10-4 
CN IE SOO, oc ce ceneneneawnmneecio asus | 1755, Feb. 22......| 0045, Feb. 23...... 44x10" 
RPUNNUINNNL SAIUT. . 5 bys s nets anew eboare owemerineeiann aneeence | 0620, Feb. 22. ...-- | 1004, fi 10-4 
I: cnunumuadidecudweasnmkemiakeeaasa eee | 0545, Feb. 22......| 0945, 1.9x10-° 
NR a a ea | 0530, Feb. 22. ....- | 0945, 1.2 x 10-3 
PegO ORR INOW wi nc ctinenticedaaiewauamuanacad 0545, Feb. 22. ..... 0700, 1.0x 10-5 
RE WE: SEOU o ecc'sthsn onthe annamndineaare | 0545, Feb. 22. ....- | 1730, 7.9x 10-4 
ONE DENG. NOC oiuiskk vi cntiliccncbacckdcdmaeianseen: | 0545, Feb. 22... _- | 2315, 88x 10% 
OED, TOOT. oc Sei oGadcnucakkctiodne cdi 0400, Feb. 22......| 1125, 10% 
SION TROY os: ccxcthcs nade Kun niinceanc ae | 0600, Feb, 22_..___| 0945, 4.8x 10-4 | 
Nella; Nevo. 25 52. i225 foi isc Seenpaee eee | 0545, Feb. 22. ..... | 1700, Fe 7.2 x 10-5 | 
Wie ees 6s Se gee ee | 0600, Feb. 22...__.| 1000, 9.9 x 10-5 | 
St MING AP ERE cao 6 X wiki edeille wicichcoesentsie inion 1 0530, Feb. 22...... 0545, Fe 2.8x10-4 | 
Tene, NOU. 022 ass tee | 0630, Feb. 22.....- | 0750, 5.7 x 10-6 
| 
SHOT: TESLA 

DIES TT OG cs iccnhiets cok de atlas acssecinainae iaaaeeaian cae 0530, Mar. 1....... | 0520, Mar. 2....... 2.2x 10-3 
AL). | Re aay ea seiner cae ce Sas O SS 0530, Mar. 1....... | 0530, Mar. 2......- 6.1 x 10-4 
CAMNRE INOW, 205 cs scot e eo ee ae 0530, Mar. 1....... | 0930, Mar. 2....... 1.9x 1033 
en WGiee; ©) GRE o sccnnakmn ein coneguncaaincael 0530, Mar, 1....... | 0530, Mar. 2....... 6.7 x 10-* | 
ee OG a nandedeace ee eee 0525, Mar. 1-...... | 0930, Mar. 2....... 5.1.x 10-4 
Glendale, Nev.............. eau eee oen nee ae 0515, Mar. 1....... | 0515, Mar. 2....... 2.7 x 10-5 | 
Speeds CAO, NOW. 7 a cpiiewunaccosaseanenwunenue | 0530, Mar. 1......- 0530, Mar. 2....... x 10-5 
Te OG oe es ns oe a ee eae 0520, Mar. 1......-. | 0730, Mar. 2....... 3.2 x 10-4 
RAmwOn PENIO. INOW. 5. sac céewencnaumeenecercuuaael | 0530, Mar. 1......- | 0930, Mar. 2....... 6.5 x 10-4 
SOROS TROW eo penne ie eee 0400, Mar. 1......- 0405, Mar. 2....... 4.3 x 10-4 
WINES, NOW ié5 2 ec ce gacna een | 0530, Mar. 1_....-- | 0530, Mar. 2....... 78x 10-5 
WOME. THONG 6 con Se oi 0530, Mar. 1....... | 0530, Mar. 2......- 1.3 x 10-5 
UREN NAN a ee ee 0550, Mar. 1......- 0930, Mar. 2__.___- 1.8 x 10-3 | 
i RE SS aE ETS. 0540, Mar. 1....... 0930, Mar. 2....... 40x10"? 
GUGDOR NOW ici naioe ssc oor oe inp 0500, Mar. 1......- 0630, Mar. 2.._._- | 3.4 x 10-4 
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TABLE 5.—Airborne radioactivity concentrations—Continued 
SHOT: TURK 





Sampling period 
Location Activity 
uc/mé 








From— 





























Win OT oo inndesstucencksinedeateceaepancen 0530, Mar. 7....... 5.6x104 
Benvit: Wie... asccccecmeees ccscwesescdconcusecuaus 0520, Mar. 5.9x104 
ING NOW na ccs dvouukacabdneanacaesaahauiae ah 0607, Mar. 1.7x104 
I. INO 5 oc atecccomnieananosncoubacassakumabeem 0525, Mar. 7 1.4x107 
EE DONG oc s hntickunwasdatocaneaecoamaaaanee 0645, Mar. 7 10% 
Indian Springs, Nev 0545, Mar, 7....... kc coneakels 7.6x107 
Di WOME, INE oe a an Gapduicncacmemtepem O620, Baer, 72.5505 1000, Mar. 8....... 1.6x104 
Tee TOY... cto a copwanduaekecucuae 0520, Mar. 7....... 0920, Mar. 8......- 3.3x 10-4 
ENON COO sc gs Soc aco sem amrmdndonee 0600; Mar: 7.05.64 1020, Mar. 8....... 1.7x 10-5 
pn RMR 8 nh a ee con eee aes 0520, Mar. 7....... 0920, Mar. 8....... 6.7 x 10-4 
i eee 0545, Mar. 7....... 1000, Mar. 8....... 9.8x 10-4 
Bt tioned: Utah ae oo scence | 0545, Mar. 7......- 1145, Mar, 8....... 1.5x 10-4 
NSS ein oc. ood Seas acd cad dacune ane een | 0800, Mar. 7....... | 0820, Mar. 8....... 3.7x 10-3 
emedter: (G0. «i L teeame mane eddie neaweaamne | 0510, Mar. 7......- 1590, Mar. 7....<0< 10-4 
BMGG, BNO... aa cacccnabeseesoeevesebabees Gusaeonene | 0545, Mar. 7......- | 0950, POE Bo cicses 1.4x107 
' 
SHOT: HORNET 
| | 
MRI DAO Sl So i Bo Ss ee ee | 0600, Mar. 12._....} 0910, Mar. 13...... 3.0x107 
Beaver, Utah_.....-. Seeialcca cabo wiveknte 0520, Mar. 12_.....| 0920, Mar. 13...... 2.5x 10-3 
eI RG geo ac omkoeeeseee 0525, Mar. 12......| 0020, Mar. 13._.... 8.8 x 10-4 
NOt Ae MRR cdudunanacccacknketandeudeteheboas 0520, Mar. 12._.... | 1220, Mar. 13......| 27=10% 
PERNT <n toniwad poeaisencnanasamnedonabemanmnes 0520, Mar. 12...... | 0920, DEAE, TR ccwiael 7.8 x 10-5 
RIN NR ne ee Ls etinmncenaeeeowe 0520, Mar. 12._.... | 0920, Mar. 13.....- 1.2 x 10-3 
ME IONE NAW io) osc ncscunbaacswhecoaen 0530, Mar. 12._..:.| 1007, Mar. 13._...- 4.8x 10% 
i PONE NY 552 adden oh banwaen nace Laren 0520, Mar. 12...... | 0920, Mar, 13.....- 2.0x 10-5 
Mann RII oF Lao ctu 0520, Mar. 12._....] 0920, Mar. 33__.... 3.3 x 10-8 
PRION, TOU. oo caSe ck ccenkswacdndnasasemaseaasan 0520, Mar. 12......| 0800, Mar. 13...... 9.9 x 10-4 
INNING PEON wing ond. cic. chananundnshexascmunneere 0520, Mar. 12...... | 0900, Mar, 13__.... 14x 10° 
PN OE oo cars kena oekedacadndhdasoeassabeaseen 0520, Mar. 12...... | 0920, Mar. 13__...- 1.7 x 10 
OR I a ea ie eral ce 0540, Mar. Acard 0925, Mar. 13...... 7.5x10°3 
Re GON RI a nab necaaannemeek 0545, Mar. 12......| 0930, Mar. 13...... 12x 10-3 
MINOR. INOW). acct cecnunnecnateaieibdakeansameal 0545, Mar. 12._.... | 0720, Mar. 13...... 1.2x 10-5 
Re MOR Sao ands ice ea oe boknesnunkdennvecesaxe | 0520, Mar. 12...... | 1620, Mar. 12_..... 2.0x 10-4 
1 
SHOT: BEE 
iS NN a og oe a ad eid ie eons 0445, Mar. 2 f 5.6x 10-4 
MINOR 0 OID iS is oo, Sk ead wmemeets 0505, Mar, 2: » Me 17x 10-4 
eR INS 2a ak Gaeeedainnees 0445, Mar, 2: Mz 4.5 x 10-4 
AG OR oo co cena eWakaasananweee 0505, Mar. ¢ M: 9.6 x 10-5 
RINNE NOV sett aan cakbandnantnendseneea Sakae die | 0515, Mar, 2: M: 2.0x 10-4 
BAW te: oth ns cenaesacinkexnackweabassoaeuesane | 0505, Mar, 2: M: 1.4x 10-5 
SOE DROW os. cae aha ad eeaienbaneaniaaate 0515, Mar. 2% M: 6.5 x 10-4 
Tndien Borings,; NGV sce si ncn cndecnn -eawgesaatce 0515, Mar. + M: 2.7 x 10-5 
i NR I a a 0505, Mar. ‘ M: 7.7 x 10-4 
TER: NOG sco ccieainncmnvkeadcunwannanane 0505, Mar. 2% M: 2.2 x 10-5 
SE BN eed ok ac kar seawnkemikeSmnemeet 0505 Mar, 2° M: 4.2x 10-8 
RE OROE  PIOE 5 once cee ncdise eaindcddcateeesenuen 0455 Mar, 22. M: 3.4 x 10-8 
DEOMMIIE THOU ssi hincenccuasncceanksicdcusaeseker 0505, Mar, 2: M: 2.0 x 10-4 
ee es SF e ee en a 0505, Mar. M: 3.5 x 10-3 
PN NEN osc Goeth o hoe baucieseret ee nmoeee 0520, Mar, 2% M: 5.2x 10-5 
Bie RO PNR a ee Ee 0545, Mar. 22. M: 4.1 x 10-4 
PI | INOW os vranncacnecdowuccctsaducssamenedaden 0855, Mar. 22._... 2200, Mar. 22..... 4.2x 10-8 
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TABLE 5.—Airborne radioactivity concentrations—Continued 










































































SHOT: ESS 
Sampling period 
Location Activity 
uc/m*s | 
PA, NAY <0. cdccinniddiantetnasaeannaeinte : weet Th ints 1.3x 10-4 
TREY, DOU ica cacdenan descends nssaenasamabenebetiee 615, Mar. 23......| 1200, Mar. 28...... 5.8 x 10-4 | 
Saver. UtGl.: <=. c.ccasacqeesctecnuscnsaasuasksouuanl Gate MEER: aecbeaelT anne Eee we 1.2x 10-8 | 
Caliente, Nev Mar. 23......| 0610, Mar. 25...... 4.3x 10-4 if 
ee Cis ON cic ndcnccdunsudoteloabedemeuaeud Mar. 0800, Mar. 25._...- 5.8x10% i 
Currant, Nev Mar. 2: 0630, Mar. 25._.... 1.9x 10-4 ) 
SUPINE... 5: <cacaiaiea Adaeaposaciincrece mace Mar. 0545, Mar.25_.....| 3.6.x 10-4 | 
Eureka, Nev...---.-..-. 30, Mar. 0610, Mar. 25.....- 2.0 x 10-4 | 
Glendale, Nev 300, Mar. 2: 0630, Mar. 25.....- 2.0 x 10-8 i 
Indian Springs, Nev. 30, Mar. 2: 1430, Mar. 24._.... 6.5 x 10-4 
Ca eM DEOY | -. cdine can lagcnatnnann cickdetnaomen Mar. 2: 0600, Mar. 25. .... 2.4x 10-6 | 
Se ER ING ac nncid ch onmiincidensncwenusnan Mar. 23......| 0600, Mar. 25... .... 2.7x 10-4 
PG EEE IE OT ESAS 30, Mar. 23. ....| 0730, Mar. 25......} 2.0x 10-4 
WOME NOW =. 825 yee ce cc encanta : Mar. 23_.....| 0930, Mar. 25. -...| 4.0x 10-4 | 
BREE. TNOT ca02biccin nessantensducae casa , Mar. 23. ....| 0700, Mar. 25.....- 4.5x 10-3 | 
PA SON ibs cnncinbaancudeddeansbeosesungnagpmemnia , Mar. 23......| 0600, Mar. 26_..... 2.4x10-9 } 
es NOS ..«. scccemdininmhnnnadiniatibdaaiastameaemel 5, Mar. 23......| 0715, Mar. 25...... 1.7 x 10 
St. George, Utah... Mar. 28......| 0600, Mar. 25...... 2.2 x 10-8 
TN BY aa cinici sects west es cetacean eieciagtiianagaaation past; 2015, Mar. 25....-. 3.4x 10% 
SHOT: APPLE 
BE AOR ils Siceikits cee ducacinanpinasnacneee 0455, Mar. 29__...-. 0855, Mar. 30__.... 4.0x 10-2 | 
oe Sree ona cok ainiiatuadmieiaesa ul kebaaanaaaeniee 1600, Mar. 29__.... 0900, Mar. 30__.... 4.2x10-4 
Calie UN SIRO ciate tka tok ia cacale ncsacstaatignbiedaliens ian 0430, Mar. 29_..... 0300, Mar. 30__...- 2.7 x10? 
CRO ONG, UCOMS oacs cus cnaascksctieeeeeees 0455, Mar. 29._.... | 0930, Mar. 30__...- 9.9x 10-3 
Guth Whee 5c. os ee ee 0455, Mar. 29._....| 2300, Mar. 29__...- 4.1x10°3 
REEL, UUs a: tern accep panacea madi dak ieinemaamnaae 0455, Mar. 29_.....| 0645, Mar. 30_..... 41x10 
Eureka, Nev 0430, Mar. 29_..... 0855, Mar. 30_....- 5.9x 10-4 } 
Glendale, Nev 0500, Mar. 29...... 0900, Mar. 30.....-. 2.9x 10-5 | 
Indian Springs, Nev 450, Mar. 29._..... 0700, Mar. 30__.... 1.3x 104 
EE IIIT Neh ee ae ee 0455, Mar. 29...... 1500, Mar. 30__... 8.6x 10-5 
SRE SEINE, DIV scncscerccacectcsdnnscbaieiate 0455, Mar. 29...... 0855, Mar. 30-..... 3.7x 10-4 
BE ONO s 2 cased bekekeoanenaipadeeeees 0455, ye ee 1030, Mar. 30...... 1.6x10-3 
Mercury, Nev 0455, Mar. 29...... 0920, Mar. 30._._.- 1.1x10°5 
DN, PROV co hancexckaccactanseeusdeaues 0555, Mar. 29...... 0855, Mar. 30...... 4.3x10-5 | 
MIS TON: 22 rn ese Sesh eee 0500, Mar. 29......| 1300, Mar. 30.___-- 5.4.x 10-5 
| FE AS a eee ee ey ew 0515, Mar. 29......} 0650, Mar. 30__.... 7.3x10-8 | 
AE II Uy RUINS <i aici ccdhidadinis caine abtemnpmasalaegaiaael 0525, Mar. 29...... 0900, Mar. 30...... 2.1x10-* | 
AEMMOD AR INO na sens Seti Gw adn ccseaesnaceueeiemeied | 0500, Mar. 29.....- 0830, Mar. 30.__..- 8.8 x 10-5 
i} 
—v l] 
SHOT: HA 
| 
iti ih oe gS oe Sn 050, Apr. 6.....-- 1015, Apr. 7.....-- 14x 10-4 | 
Re. UM. =; {ooo cnacassouccecmmenn eG 5 Te; Ge Te acace 1.7 x 10-6 | 
Caliente, Nev. _-_- POs Ce vite 3305, ADt. 7. ccinen 5.4 x 10-5 
Cedar City, Utah We Ce dione Oe SS ee 7.7 x 10-% | 
Se SAN a cis ica se marcel eden eee ee Bee: 6. cee Be SANs Un aceeton §.4x 10-5 
Ba I a eee 045, Apr. 6....... Wee, Rs To cones 4.4x lr* i 
MAILE. EN ON ss ocho es tdlnnds iswstelentosessaceieecudadasen banana eee eo ee Bie Ons Pancunwe 1.6 x 10% | 
Indian Springs, Nev PAU Cacwacas City. BOG Pancnnce 1.4 x 10-5 | 
Be WES NOE sd ma cndsalidnndaniecumanienemiel 1200, Apr. 6.......| 0900, Apr. 7....... 1.3 x 10-5 
Ras ee NOY. ooo alo cok au Seaseeneee 1000, Apr. 6....... O600; Apr. 7........ 14x10°5 
EE INGO wiiidn + oacdescGaseonesaubede 1000, Apr. 6......- 1240, Apr. 7......- 8.0 x 10-* 
Mercury, Nev 0900, Apr. 6......- | 1400, Apr. 7.....-- 3.9 x 10-6 
Mesquite, Nev 1000, Apr. 6...-..- | 1900, Apr. 7....... 1.5 x 10-5 | 
Went NOW 5 oo is sass hnace2-5422 eee 1000, Apr. 6.....-- 1800, Apr. 6.....-- 10-8 
ee a ears 1024, Apr. 6....-.. DEIR, BOP. To wcncen lixit- | 
St. George, Ut: Wis pa ee eel 1040, Apr. 6....... TMG, AGt: Tocanece 1.1x 10-5 
Tonopah, Né¥c 5 oa eee 1208; Apr. ¢....... O00; Ant: 7.25220. 9.2 x 10-* 
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TabsLe 5.—Airborne radioactivity concentrations—Continued 
SHOT: POST 





Sampling period 


















































Location — 
uc/m 
From— To— 
DT TOOT: -'. as akan nannmenaanemangomwane 0430, Apr. 9.......| 0830, Apr. 10.....- 48x 10-8 
NG en suis einmiias anda ieetoneeal 0430, Apr. 9.......| 0800, Apr. 10...... 7.7x 10-5 
CREED —~ - cian ne hademmcuatesauhatwnaeka canes 0690, Apr. 0.....-< 0845, Apr. 10.....- 18x 10-7 
REN EEA, MPRDl sin cnrcadicommpensnananaunaadiaaarainenl 0430, Apr. 9.......| 0830, Apr. 10...... 3.9 x10 
a I cas a seca cenk aie Sam peepe eevee neem le Sc 0430, Apr. 9.....--] 0800, Apr. 19....-- 1.3 x 10-4 
I ta eaenaaaind 0420, Apr. 9.......} 0840, Apr. 10....-.- 6.5x 10% 
4 INR amen 0430, Apr, 9.....--| 1430, Apr. 10...... 3.0x 1078 
RRNA CNR CN as acceler risice ney ionaemiaiaainamein O80, AF. 9... ccca) Sey Aes Ole ccunn 9.0 x 10-1 
Ba NS CUNY © caciceicsasbiaicientzeves mors agnobetesineoineal 1500, Apr. 0....... 0800, Apr. 10_....- 5.8 x 10-3 
I RINGS, TUNE sic si ats cicteicempetinccice coe cienaimncabereimesraie 0530, Apr. 9....... 0830, Apr. 10...... 2.7 x 10-8 
eI sl a a tS ee ee 0450, Apr. 9....--.| 0830, Apr. 10..._-- 1.8 x 10-2 
EIS, DIO c.... ssc ces donamennns chance wiemabeemell 0425, Apr. 9.......| 1150, Apr. 10...... 2.5 x 107% 
BEE DUNE haxcobeenbenakinisnwnasccnwiniaeiemasin 0430, Apr. 9.......| 0830, Apr. 10.....- §.5x 10-5 
MI PT Se eek geoeieee | 0430, Apr. 9.......| 0830, Apr. 10_....- 1.0 x 10-3 
PGI Oe ec ao Se gcte eee 0500, Apr. 9.....-- | 0837, Arp. 10....-- 1.1 x 10-4 
Re ENED ska: s ie hmemien died donned eiiesieeewen 0520, Apr. 9.......| 0830, Apr. 10.....- 8.5x10-¢ 
EELS INOW 2 icdccemkavasingncucensnaecahannadenn 0800, Apr. 9......- 0900, Apr. 10.....- 3.6 x 10-4 
SHOT: MET 
I TO a i os aaeaunbeannn 1105, Apr. 15 | Are. 16.3... 6.7 x 10-4 
a nd Salas ia aa 1115, Apr. 15- Apr. 16.....- 6.1 x 10-3 
en ie oe at eae 1200, Apr. 15 | Apr. 16.....- 5.0 x 10-2 
Cedar City, Utah 1115, Apr. 15. 6 Apr. 16...... 7.6.x 10-4 
pret tree, Se Te 1115, Apr. 15......| 2315, Apr. 15......| 48x 10+ 
Eureka, Nev_--...- 3118, Aur. 16...... | 0730, Apr. 16....-.- 4.0x 10-4 
Glendale, Nev_- . 1120, Apr. 15.....- | 1215, Ave. 16....2 1.6 x 10-8 
I TNS TROT sc cts bddnicnsawewnddmdmnndieiiian 1615, Apr. 15......| 1315, Apr. 16.....- 4.2x 10-4 
Baan NN UN a ee 1130, Apr. 1 oe 18, Ss 1.6 x 10-5 
SEI RE, DUNG a Sicccwmeedensiicoucince ncmamiabatsadlae 1115, Apr. 1 | 5, Apr. 16. ..:.. 5.8 x 10% 
NN I alee 1115, Apr. 1 AOE: T6: oon 8.3.x 10-4 
Re eS eine he tee 1110, Apr. 1 Sf 2.6 x 10-5 
IR TUT on ie cn oa ceeatasacncaeeaeae aaa 1115, Apr. 1 BOP. 16 .ccns 5.2 x 10% 
I a lia i aaa 1115, Apr. 1 5, me. 16. 1.3 x 10-5 
EROS... Jcusannusctions dbthadiess sues 1135, Apr. 1 BOW, TOs cces 2.7x 10° 
arenes 0s ON cians 1145, Apr. 1 1) a See 4.2x104 
THOT... cas aanainisidnie.oonstincehasione 1320, Apr. 1 at 16... 9.0 x 10-4 
SHOT: APPLE TWO 
NS RI i a eae | 0510, May 5..-..... | 0710, May 6......- | 1.2x10-% 
nn a acu dsueeeesanie | 0510, May 5.......| 0930, May 6.-....- 8.6 x 10-4 
COGN ERY. 6) CRE: ccuccnctncnvaecesuusnbinbacnonn aio 0510, May 5....... | 0910, May 6......-. 1.4x 10-5 
is a a ae ee | 0510, May 5.---..- | 0910, May 6___---- 5.9x 10-2 
Eureka, Nev_-- 0510, May 5.......| 0900, May 6....... 2.4 x 10-3 
Giendale, Nev 0510, May 5......-| 0910, May 6......- 4.1x10% 
Se Dee AGW oon 655i ounkcnnusunusumsensniod } 0510, May 5......- | 0700, May 6......- 5.7 x 10-4 
Op ee Se a | 0510, May 5...--..| 0910, May 6_.....- } 18x 10-5 
RN ONO ain ceo eee hacia bk asain ame mae | 0510, May 5....... | 2210, May G....... 1.1x10° 
BENE HWE. onc teace we niaakinasctonesan adeno 0540, May 5..-....- 220, May 6..-...-- 1.0 x 10-3 
Firiny teig. <font ane es Ge ae eee | 0535, May 5.------ 1015, May 6_....-- | 25x 104 
RRO SION co on da emma se unk tbeeee conte 1800, May 5....... 1045, May 6.-...... |} 87x10 
guinea INOW =~ ici cbs duvauscnnoaustaennetnans 0540, May 5..-..... | 0750, May 6.-..-- | 3.6 x 10-4 
SHOT: ZUCCHINI 
MN NaS Er ee 0500, May 15_...-.- | 0900, May 16-_..-- 15x 10-5 
CINE ON ee ee ee cla denbonnoae 0530, May 15....._| 0945, May 16__... 6.7x 10-4 
eGR Ry OA kivnvicccncmpninveakselubtsdaauaiaant 0500, May 15...-..- 0910, May 16.... 7.8x 10-3 
GS PEN: NOW 6 sisk occ nik ccaucewnancccsnwsnaeeen 0500, May 15.....- | 0700, May 16_.---- 6.6.x 10-4 
NIE ON NE no han 2 bana le Se ee 0500, May 15....-- | 1000, May 16_.---- } 1.1x10-% 
RNID DEMO: INOV nso ocacenssecsownconcsccesomeas 0500, May 15_..-.-- 0715, May 15...... 8.5 x 10-* 
SOU TN on a 0510, May 15...--- | 0900, May 16__..-- 1.4x 10-5 
IS TI oxi cide caunnndinasddncokuwewniemacouce 0555, May 15..... | 0830, May 16_...-- 4.2x 10-3 
RAM ne ee es 0500, May 15___--- | 0800, May 16_____- 1.5x 103 
Pioche, Nev_-.-.-.-.... 0510, May 15......| 1105, May 16_..-..- 1.3x 10-5 
St. George, Utah 0645, May 15_...-_| 1030, May 16..---- 4.3x 10-3 
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APPENDIX 


PERSONNEL 


A total of 66 Public Health Service men were assigned to this operation for 
various periods of time. PHS personnel were composed of two categories, regular 
PHS personnel, and Reserve personnel who were called to active duty for the 
purpose of assignment to this operation. 

The regular PHS personnel and their normal affiliation are as follows: 
Anderson, E. C., Assistant Chief, radiological health program 
Bevis, Herbert A., radiological health program, Washington, D. C. 

Brewer, Lial W., occupational health field station, Salt Lake City 

Butrico, Frank A., DHEW, region 2, New York, N. Y. 

Carter, Melvin W., PHS, offsite program, Nevada test site 

Coleman, Richard D., radiological health program, Salt Lake City 
Ernsberger, Edward L., PHS, Rockville, Md. 

Fooks, Jack H., DHEW, region 8, Denver, Colo. 

Hagee, G. Richard, Robert A. Taft Sanitary Engineering Center, Cincinnati 
Henderson, Paul C., DHEW, region 3, Washington, D. C. 

Holaday, Duncan A., occupational health field station, Salt Lake City 
Ingraham, Samuel C., M. D., National Cancer Institute, NIH, Bethesda, Md. 
Kusnetz, Howard L., occupational health field station, Salt Lake City 
Longaker, Ralph K.,.DHEW, DESE, Washington, D. C. 

Macomber, Ronald G., DHEW, region 2, New York, N. Y. 

Mills William A., radiological health program, Washington, D. C. 

Minken, Joseph L., CDC, Mount Vernon, N. Y. 

Placak, Oliver R., officer in charge, PHS offsite program, Nevada test site 
Powell, Clinton C., M. D., National Cancer Institute, NIH, Bethesda, Md. 
Rechen, Henry J. L., radiological health program, Washington, D. C. 
Schreeder, William B. DHEW, region 9, San Francisco, Calif. 

Seal, Morgan §., radiological health program, Washington, D. C. 

Soneda, Shinji, Robert A. Taft Sanitary Engineering Center, Cincinnati 
Stangler, Marlow, Robert A. Taft Sanitary Engineering Center, Cincinnati 
Terrill, James G., Jr., Chief radiological health program, Washington, D. C. 

The Reserve personnel who were called to active duty, with the designation of 

their normal affiliation, are listed below : 
Alabama: 
Habel, John C., Jefferson County Health Department, Birmingham 
Thomas, Fred W., USTVA, Wilson Dam 
Arkansas: Wilson, Edward F., Arkansas State Board of Health, Little Rock 
California: 
Ausseresses, W. M., Southern Pacific Railroad, San Francisco 
Brewer, Robert, State department of health, San Bernardino 
Stone, Ralph N., consulting engineer (civil), Los Angeles 
Vaden, John D., Los Angeles County Health Department, Los Angeles 
Colorado: 
Newman, Edison E., State Health Department, Denver 
VanNattan, W. R., State Health Department, Denver 
Connecticut : 
Bertran, Albert E., State Health Department, Hartford 
Herlihy, James F., City Health Department, Hartford 
Holt, John A., City Health Department, Hartford 
Florida: Greenley, John W., Dade County Health Department, Miami 
Georgia: Fetz, Richard H., State Health Department, Atlanta 
Hawaii: Woo, Francis H., Department of Health, Hilo 
Idaho: 
Cotton, Charles E., State Health Department, Boise 
Despain, Carroll E., City-County Health Department, Boise 
Tilinois: 
Bullock, Harrison E., State Health Department, Carbondale 
Kaufmann, Oliver W., University of Illinois, Urbana 
Indiana: Wraight, Frank D., State Health Department, Indianapolis 
Kansas: Rucker, Vernon L., Santa Fe Railroad, Topeka 
New Jersey: 
Baker, Walter C., New Jersey Neuropsychiatric Institute, Princeton 
Berry, Clyde M., Esso Standard Oil Co., Linden 


| 
| 
| 
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New Mexico: Jensen, Carl R., State Health Department, Santa Fe 
New York: Marchese, Anthony S., State Highway Department, Poughkeepsie 
North Carolina: 

Ameen, Joseph S., State Health Department, Raleigh 

Long, William N., Gaston County Health Department, Gastonia 

Seagle, Edgar F., State Health Department, Raleigh 

Sharpe, Thomas J., District Health Department, Hickory 

Williams, Giles M., State Department of Agriculture, Raleigh 
North Dakota: Olson, Otmar O., District Health Department, Williston 
Oklahoma: 

Harris, Carroll F., Oklahoma A. and M., Stillwater 

Pummill, Lloyd F., State Health Department, Oklahoma City 
Oregon: Bower, William F., State Health Department, Portland 
Tennessee : 

Brockett, Thomas W., Oak Ridge National Laboratory 

Davidson, Charles M., USTVA, Chattanooga 

Harless, Bennett L., Oak Ridge National Laboratory 
Texas: Ledbetter, Joe O., State Highway Department, Weatherford 
Vermont: Gilbert, Wilfred C., State Highway Department, Montpelier 
Washington : 

Gregg, George O., State Department of Health, Chehalis 

Ruppert, Edwin L., State Department of Health, Seattle 


ABBREVIATIONS AND NOMENCLATURE 


CP?—Control point, located in Yucca Pass between Frenchman and Yucca Flats. 

GZ—Ground zero, the point above which a device is detonated. 

hr—Hour. 

mr—tmilliroentgen. 

r—roentgen. 

D-day—The day of a particular detonation. 

11—The hour of exact time of a particular detonation. 

U. S.— Refers to a specific highway. 

uc—mnicrocuries. 

m*—Cubie meters. 

N—North. 

E— Fast. 

S—South. 

W—West. 

Mi.—Miles. 

NTS—Nevada test site. 

Times—Pacifie standard time through 2 a. m. April 24, 1955; thereafter, Pacific 
daylight standard time. 

EBD—FEffective biological dose as defined in the DBM criteria. 

AEC—Atomie Energy Commission. 

PHS—Publice Health Service. 

CAA—Civil Aeronautics Administration. 

ml—Milliliter. 

Co”—An isotope of cobalt having the mass number 60, 

MSA—Mine safety appliance. 

Sr”—An isotope of strontium having the mass number 90. 

Y”—An isotope of yttrium having the mass number 90. 
The following system of terminology is used when presenting data concern- 

ing airway closure patterns, cloud tracking, and low-level terrain surveys: 
1. All elevations are given in terms of mean sea level unless otherwise stated. 
2. All bearings are given in terms of true bearings unless otherwise stated. 
3. In giving locations, the Georef coordinate system has been used for sim- 

plicity. In this system, a group of 4 letters and 4 numbers locates any given 

point. In the area of concern to this report, the first two letters, EJ, are com- 

mon to all locations and are omitted for the sake of brevity. Of the second group 

of two letters, the first letter denotes longitude and the second latitude, accord- 

ing to the following table: 
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Georef letter Longitude Georef letter Latitude 





112°00’ 
111°00’ 
110°00’ 
109°’ 
_| 108°" 

107°00’ 

106°00’ 





Similarly, the 2 groups of 2 members each denote, respectively, minutes of 
longitude and minutes of latitude within the 1° quadrangle specified by the 
letter group. To provide an example, the coordinates of Las Vegas are EG 5120. 

The identification of the 15° quadrangle (EJ) is omitted for the reason 
previously stated. 

EG identifies the 1° quadrangle. 

51 identifies the Georef minute of longitude. 

20 identifies the Georef minute of latitude. 


RADIATION Exposures RECEIVED ON POPULATED ATOLLS AS A RESULT OF OPERATION 
REDWING 


During Operation Redwing 4 gamma intensity readings daily were taken at 
populated off-site atolls utilizing a radiac meter AN/PDR-27F, calibrated against 
a standard consisting of 7 micrograms of radium. Following each test, hourly 
readings were taken for an interval of time dependent upon fallout forecasts, 
wind conditions at and following test time, cloud tracking, and readings obtained 
at the atolls. The attached tables and charts show the weighted daily averages 
of these readings for the atolls at which stations were maintained. 

An estimated cumulative exposure of the populations of these atolls resulting 
from Operation Redwing has been computed based on these meter readings. Net 
readings (above preoperation background) have been utilized. Where a residual 
radiation remained at the time the stations were inactivated, the 70-year exposure 
due to this residual was computed based on the equation I.T,*=I,T;*. Based 
on available decay data, k=1.2 was utilized. It will be noted that the last day’s 
reading at Ujelang was 1.5 mr/hr. This was due to the test of July 21. The 
complete record shows that fallout had stopped and radiation intensities were 
decreasing at the time the station was inactivated. A reduction factor to de- 
termine effective biological dose was not utilized as conditions under which the 
natives live are not believed to warrant the commonly accepted reduction factor. 
Computations involved are attached. On this basis, 70-year external gamma 
doses resulting from Operation Redwing are as follows: 


Ujelang Atoll: 560 mr. 
Utirik Atoll: 53 mr. 
Wotho Atoll: 616 mr. 
Rongerick Atoll: 853 mr. 


Also attached is a plot showing AN/PDR-27F readings at JTF-7 Headquar- 
ters, Parry Island, during the period July 21 to July 23, 1956. On the basis 
of these figures, effective external gamma doses to various periods of time have 
been computed as follows: 


H-+5 days: 3.45 R. 
H+15 days: 5.7 R. 
H-+1 year: 7.95 R. 
Infinity dose: 12.45 R. 


Computations are attached. 
93299°—537— pt. 1——29 
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Daily average readings 

















Date Ujelang} Utirik | Wotho| Ron- Date Ujelang| Utirik | Wotho 
gerik 

Apr. 26 0.01 0.02 0.01 01 .07 .02 3 
May 29 05 03 2 15 07 -02 - 25 
May 30 25 . 03 4.5 -30 07 . 06 25 
May 31 - 26 - 26 - 26 - 26 -05 015 -23 
we Fo esas 23 . 03 1.0 3.0 06 015 23 
June 2.... 15 - 03 85 3.0 05 15 21 
COT seceics 13 02 75 3.0 06 oii oan 
UN SE (et to sescces 2.0 05 ost .19 
} ol 02 25 2.0 05 .10 18 
ie Oo oan Pe -02 4 2.0 05 -10 18 
ee ge 07 -02 3 2.0 05 - 08 .18 
SU acco. taunukebsunn tides enaimeaeaee 1.5 06 - 08 15 
PT MD iain sets hon sane diintema emia 1.0 05 -07 .14 
WE Bie Fe ceund sina lsneswaknbaene se 1.0 .04 -07 14 
ene 8B cess 07 -02 ‘2 1.0 || 04 05 ll 
FOG IB. ncn anne ol .02 .18 1.0 -05 . 06 ll 
WES Wie cccace 07 02 .48 2.0 05 05 12 
: eee 215 -02 . 90 1.5 05 - 05 .10 
pT ares a .04 8 1.0 045 04 10 
ae 07 05 i 1.0 045 045 10 
| ee .07 04 -6 1.0 05 05 09 
Jue 10 3 ess 07 .04 se 1.0 POE Bickcencance 05 04 .08 
Je 90; eck. .07 .03 .6 1.0 PEE DGdicneein'k 04 05 . 08 
PI Oh oc aden .07 .02 5 1.0 eens .04 .04 .08 
PUG FO es cariccie .07 02 5 1.0 Bee Piccenacee 04 04 08 
‘EERE - 08 | .03 4 1.0 } og | 04 04 . 08 
fe ee . 08 .02 4 . 2 2s - ae 6 04 08 
> en . 08 -03 3 5 SUED Disccuncuans ee J Mssosounnteammickd 











Ron- 
gerik 


ie Ve Ot Oe ee ee 
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Cumulative exposure computations—Ujelang 








Rate mr./hr. Days Hours | Dose mr. Rate mr./hr, Days Hours | Dose mr. 








a 18 812 Ob TOMB cies icsnced 8 72 6 
eee i 24 oe ee 1 24 3. 
ee nee 1 24 a... 8 72 7, 
ERR 1 24 (a1... 4 96 4 
Re | 2 48 ..:......... 6 144 4 
eos 1 24 2.88 || 0.035............... 2 48 1 
mi... 1 24 ee eee 1 24 36 
egies re 4 96 8. 64 

a. 12 288 17. 28 WG oo | et | 1 129 


TEWA H=210600 M 

240000 M = H+-66 hours= 2.75 days 
70 year dose after this time=approx. 430 mr. assuming I7T)-1,2=1,T2-!.? 
Total 70 year dose = 130+-430= 560 mr. 


1 Rate above preoperation background of 0.01 mr./hr. 
Through July 23, 


. 36 
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Cumulative exposure computation—Utirik 








Rate ! mr./br, Days Hours | Dose mr. Rate ! mr./hr. 
i sicnsitenaeiciiaceicen & 192 A gi, | See 
RR sccisisipssstrtiaieigpmiinics 9 216 OR ea 
C0 icctutimnanee 1 24 0.60 |} 0.06....... cistern om 
OAR dicicicictseant 6 144 CEST GRR ccccvsscons nets 
A 2 48 1, 92 |i* 
GTB cnt. 8 72 9. 36 WUE: cackavctoctand eenceailaii = 








1 Rate above preoperation background of 00.2 mr./hr, 


Assume D=June 27 
70-year dose from July 23=approx. 17 mr. 
Total 70-year dose=36+17=653 mr, 
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Cumulative exposure computation—Wotho 














Rate ! mr/hr. Days Hours | Dose mr. Rate ! mr/hr. Days Hours | Dose mr. 
RUS ichdecsanuies 1 24 0. 24 4 96 16, 32 
WTR i seeetesitlncidetiancie 1 24 108. 00 1 24 11. 23 
Petes anveladahcaseewece 1 24 66. 00 1 24 21. 36 
2 dient 1 24 24. 00 1 24 18. 96 
Re caccandincalbieineananens 1 24 20. 16 2 48 83.12 
pg A RES 1 24 17. 76 2 48 28. 32 
ee hacsuaeneses 1 24 14. 88 1 “4 3. 36 
C sckncademondens 8 72 35. 28 2 48 6, 24 

iiukianddukineinens 3 72 28. 08 2 48 4.80 
NP cecilia todeclicdh ba soutien 3 7 20. 88 1 24 2. 64 
OWOkc cteaccinacaase 1 24 4. 56 8 72 6. 48 
eimivodutantasteues 3 7 17. 28 1 24 1, 92 
Gttacvcasdnen san 2 48 10. 56 6 144 10. 08 
CO cetiiddédeninnne 2 48 9. 60 _— | |—_——_ 
CUR cAcdcadhaenton 1 24 eee |) SR ccectncdivccwasnescleseossenan 3 646. 48 
6/13=H 


7/23=H+40 d 
70 year dose=70 mr 
Total 70 year dose =546+70=616 mr. 


1 Above preoperation level of 0.01 mr/hr, 
§ Through July 22, 1956. 
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Cumulative exposure computation—Rongerik 


Rate ! mr/hr Days Hours | Dose mr. Rate ! mr/hr. Days Hours | Dose mr. 
1 24 SE Ml snccedusabamaeiee 12 288 295. 20 
1 24 a ns cea taeda tinal 1 24 15. 60 
1 24 UE 1 Oi ccmonwiscakowes 2 48 19. 20 
3 72 208. 80 a | ee | ene 
6 144 273. 60 WMciccaresdccccheneedtsbscaabas 853. 44 
2 48 67. 20 








4 Above preoperation level of 0.1 mr/hr. 
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DOSE CALCULATIONS FOR PARRY ISLAND 


Accumulated dose to 220700 M was 0.6R 
At that time decay started with the decay constant K=—1.2 
Personnel leaving at H+5 days will receive: 
16—12+0.6=46 R 
If this is reduced by 25 percent, the effective dose=3.45 R 
Permanent personnel will receive: 
For first 15 days: 
16—9+0.6=7.6 R 
Effective 15 day dose= (0.75) (7.6) =5.7 R 
For 15 days to 1 year: 
9—4.5=4.5 R 
Effective dose= (0.5) (4.5) =2.25 R 
Total effective dose to end of 1 year=7.95 R 
Infinity dose for permanent personnel : 
7.95+4.5=12.45 R 





Report ON ExPERIMENTAL Firm Bapece Srupy During OPERATION REDWING, 
OcTOBER 1, 1956 


During Operation Redwing the Public Health Service group had planned, on 
an experimental basis, to utilize film badges on the off-site atolls of Utirik, 
Ujelang, and Wotho as a method of securing a figure for total radiation dosage 
on these islands. Arrangements were made for the procurement, transportation, 
and processing of film badges with task group 7.1 radsafe personnel and task 
group 7.4 nuclear research officer, Lt. W. J. Jameson. 

The first group of film badges, enclosed in rigid, transparent plastic containers, 
were exposed for a period of approximately 50 days.) A second group was sent 
out to the atolls and exposed for a period of approximately 15 days. When 
these films were developed and read, it was found that the results were much 
higher (up to 5 to 10 times) than would be expected on the basis of exposures 
computed from instrument readings taken at the atolls (AN/PDR27F geiger 
counters were used). On examination of the films, water marks could be clearly 
seen on most of them. It was theorized that heat or moisture, or both, was the 
cause of the high readings. 

Capt. B. H. Purcell, task group 7.1, arranged to have some special film badges 
prepared. One lot was prepared by having the film packet dipped in Ceresine 
wax before sealing in the plastic case (referred to in this report as “film dipped 
badges”). The second lot was prepared by dipping the entire case in wax 
after the uncoated film packet was sealed in the pastic case (referred to in this 
report as “case dipped badges”). 

Preliminary work done on these badges by exposing them alternately to steam 
and then placing in a refrigerator indicated that they were more resistant to 
moisture than the regular badges. It was decided to place approximately 20 of 
each type on each off-site atoll, bringing in 3 sets from each atoll each week until 
the reliable life of each type of badge in the field could be determined. (Only half 
as many film dipped badges were available as the other two types.) Unfor- 
tunately, for the purposes of this test, the operation terminat:< before it could 
be completed. It is believed, however, that some tentative conclusions can be 
reached from the results obtained. 

Films were collected after approximately 1 and 2 weeks’ exposures. The 
balance of the films were collected after approximately.3 weeks’ exposure. 
Readings taken on the films were compared with calculated doses based on 
instrument readings taken during the same periods. Tabulations of the results 
are attached. 

It can be seen that the doses received during the first week are too low to yzive 
reliable results on the film badges used, while exposures received during the 
first 2 weeks are just at the borderline of sensitivity. All film badges appeared 
to be satisfactory after 1 week, but after 2 weeks the regular badges were 
showing signs of moisture penetration. After 3 weeks, almost all the regular 
badges, while none of the film-dipped or case-dipped badges, were watermarked. 

Estimating the dose to which the films brought in after 3 weeks were exposed 
is complicated by the fact that Parry Island had a gamma radiation level of 
20 to 20 mr/hr at the time the films reached there. Thus, it has been necessary 
to estimate exposure received at Eniwetvok Atoll prior to development, How- 








id 


ye 
1e 


yn 
ts 


ve 
he 
ed 
re 
ar 
“dl. 
ed 
of 
ry 
We 


RADIOACTIVE FALLOUT AND ITS EFFECTS ON MAN 453 


ever, a study of the results on these badges is believed to indicate a trend. 
Attached are curves showing the distribution of results for each type of film from 
each atoll and the results for each type of film from the three atolls combined. 

Considering this latter curve, if one considers results within 50 percent of a 
“true” (in this case, calculated) dose to be satisfactory, it can be seen that 
68 percent of the film-dipped badges and 60 percent of the case-dipped badges fall 
within this range, while only 19 percent of the regular badges meet this criterion. 
This is admittedly a limited sample, but the results are believed to warrant the 
following conclusions and recommendations: 

1. Climatie conditions at the Pacific Proving Grounds have an adverse effect 
on ordinary film badges to the extent that they cannot be relied upon to give 
satisfactory results; 

2. If possible, a study should be made to determine the reliable life of wax- 
coated film badges and possibly other types of dosimeters) under climatic 
conditions similar to those at Pacific Proving Grounds prior to the next test 
series. If this is not possible, such a study should be conducted at Pacifie Prov- 
ing Grounds during the next series. 


3. For area monitoring of this type, a more sensitive film should be included 
in the film packet. 


Erperimental film badges—Ujelang Atoll 





Time Indicated dose, milliroentgen | Calculat- 
Station No. Date out Date in exposed, 


ed dose, 
in days | milli- 
Regular C.D. | F.D. | roentgen 
hata Sea lttt el | July 4,1955 | July. 10, 1956 7 150 | hed 8 
Th sccckosecitnerenesewes RS cceacaRaice WOON iis aos 7 70 30 30 8 
Wi oo cess cee eee Me kc | July 17,1956 13 170 0 0 16 
OP acca Bes WO ee anc ch Sicxnd nae 13 190 ase es 16 
lk. cutiaddnttnmineaieeae  italdad GOiccnabas | July 26, 1956 23 1210 90 70 143 
: ( 23 1245 WP Redcat 143 
23 1210 110 70 143 
23 1225 110 90 143 
23 1350 BP Radinatieence 143 
23 1170 90 70 143 
23 1245 Be Ri ccatinee 143 
23 1 280 TO iti tien 143 
23 128) 110 90 143 
23 1245 de 143 
23 1330 BOO Linnea 143 
23 1265 90 70 143 
23 1225 5) 7 143 
23 1265 110 110 143 








1 Film watermarked. 


Erperimental film badges—Utirik Atoll 














Time Indicated dose, milliroentgen | Calculat- 
Station No. Date out Date in exposed, ed dose, 

| in days | | milli- 
} Regular C.D. | F.D. | roentgen 
Site ea sts | July 8,1956 | July 14, 1956 7 70 50 50 9.0 
Rat ccctdneeseets eeeadatocee Rc 7 70 Sebati 9.0 
Un one eee tod 24s QO--cco---| JOLY BW, 1067 19 | 90 Bn a 41.5 
Wee aectessea ads Dee PO cto ny acco! 19 1 47) 425 410 41.5 
| RE EE Ce A622 Va 19 | 470 Mtoe 41.5 
Ris scckdkcmnebobeaneanaate i = 7. 19 110 7 3365 41.5 
Dita nk nen coesemnien iclecicsamiets 7 19 110 ee 41.5 
Danby ini ch Gdlcacenls iastemstdiedanaeal aie j 19 1139 50) 50 41.5 
— ee ee ee b. 19 1130 ee 41.5 
Pi datiihbiiindndcgmamie tank te 19 1130 50 50 41.5 
UP tckesdauimedananatainkl io. we i 19 1130 VG eee 41.5 
BU aocndendiuiedeaamedas nokia 19 1139 70 50 41.5 
En chabinmebaemanetteanae ee seis 19 1130 7 Dianbateaes 41.5 
De ‘vtcndbinkiiaeuaeuplinend a GOiasdecatcsaee do 19 1440 440 440 41.5 
IRS scons coacerndemimalectniedeh ane tamaae! Onaim - 19 1110 We Bead as 41.5 
SS eee 19 1110 70 50 41.5 
acca endtinte: tebe aiee is ae : i 19 90 41.5 
Ri: ccnacicerekcaubanune 19 90 41.5 








1 Film watermarked. 


2 Films developed separately from other films exposed during this same pericd. 
§ Fogging due to unknown cause. 
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ELeperimental film badges—Wotho Atoll 














Time Indicated dose, mr. Calculat- 
Station No. Date out Date in exposed, ed dose, 
in days mnr. 
Regular | C.D. | F. D. 

2,1956 | July 9, 1956 8 30 33 
We icaaask July 16, 1956 15 70 50 
I ect July 24, 1956 23 1160 130 

Goacheee 23 1180 130 
23 1180 130 
23 1180 130 
23 1160 130 
23 1220 130 
23 1220 130 
23 1270 130 
23 1220 130 
23 1220 130 
23 1235 130 
23 1220 130 
23 1220 130 
23 1235 130 
23 1235 120 
23 1285 130 
23 1180 130 
23 1220 | 130 





1 Film watermarked, 
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A Brier REVIEW OF THE PusLIC HEALTH SERVICE RADIATION SURVEILLANCE NET- 
WORK OPERATED BY THE PUBLIC HEALTH SERVICE UNDER AN AGREEMENT WITH 
THE DivISION OF BIOLOGY AND MEDICINE, ATOMIC ENERGY COMMISSION, May 22, 
1957 


For the principal purpose of providing immediately useful environmental 
radiological health data, the Public Health Service, by an agreement with the 
Division of Biology and Medicine, AEC, dated April 15, 1956, established a nation- 
wide radiation surveillance network, with a central laboratory service located 
in Washington, D. C. 

Originally established to encompass the period of Operation Redwing con- 
ducted by the United States at the Pacific Proving Ground in 1956, the network 
stations commenced operation in April 1956 and ceased intensive operation on 
September 28, 1956. Sampling data were received from Hawaii, Alaska, and 
28 States. The gratifying cooperation of the State and Territorial departments 
of health made possible the staffing and operation of 29 field stations on a co- 
operative basis. 

During the period of September 28, 1956, to May 1, 1957, the Public Health 
Service encouraged and assisted in the continued operation of the field sampling 
stations. Asa result, between 3 and 8 of the stations continued to submit sam- 
ples, which were processed in the central laboratory. 

An extension of the PHS-AEC agreement, signed on April 18, 1957, provides 
for resumption of intensive operations during the period of Operation Plumbbob 
conducted by the United States at the Nevada test site, commencing in May and 
continuing until November 1957. The number of field sampling stations has 
been increased to 38, as shown on the accompanying list. Thirty-six of these are 
operated by State, Territorial, and local health agencies, with the remaining 
two operated by the Public Health Service. 


SAMPLING OPERATIONS 


Sampling is performed on a 24 hour-per-day, 7 day-per-week basis wherever 
possible. Of the approximately 15,000 samples taken in 1956, 9 percent of the 
air samples were invalid because of equipment failures, and 10 reports failed 
to reach the laboratory. 

Sampling operations at each station include (1) the daily radioassay of beta- 
emitting particulates with relatively long half lives, collected on a filter from 
approximately 2,000 cubic meters of air, (2) 2 (or more) daily determinations 
of external gamma radiation levels with a portable survey meter, (3) collection 
of radioactive fallout by means of the system developed by NYOO of the AEC, 
and (4) preparation of preliminary reports from which public information might 
be made available by State and Territorial departments of health. 

During 1957 operations, precipitation samples are also being collected. 


CENTRAL LABORATORY SBRVICES 


The radiological health program, Bureau of State Services, of the Public Health 
Service, maintains the field stations and provides accurate laboratory confirma- 
tion of preliminary field measurements. 

Through a closely knit communications network, the radiological health pro- 
gram, PHS, and the Division of Biology and Medicine, AEC, cooperate to provide 
technical guidance to the State and Territorial health departments in the 
interpretation of day-to-day results and in replying to public inquiries. 


PUBLIC INFORMATION AND CLASSIFICATION 


No security classification is imposed on the nature of operations or findings 
of the network. Because of the approximate values derived at the field 
sampling stations, it has been requested that only the State and Territorial 
commissioners of health and the Washington headquarters staff be responsible 
for replying to public inquiry. No attempt was made to relate the network 
findings back to specific test operations at the Pacific Proving Ground; instead, 
interpretation of results has been confined simply to reporting the factual data. 
This apparently satisfied the numerous newspaper inquiries directed to the State 
and Territorial commissioners of health. 

As far as can be determined, the network operations and the immediate avail- 
ability of its data help explain, to those of the public who inquire, the dis- 
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semination of radioactive material from nuclear test areas outside of the 
continental United States, and the levels of activity which might occur in 
populated areas in the United States as a result. At many of the field sampling 
sites, there has been almost daily contact between the State health departments 
and the newspaper services. 


PRELIMINARY RESULTS 


During the entire 1956-57 sampling period, external gamma background radia- 
tion measurements have remained practically constant at all sampling stations. 
Depending upon the locality, the background varies from 0.01 to 0.035 milli- 
roentgens per hour and, in general, is typical of that locality. 

The beta activity of the particulates in air, having gross radioactive half lives 
longer than several days, showed minimum average concentrations varying from 
0.5 to 1.0 uuc/M® at the time of measurement (3 to 5 days after collection). 
An exception was Alaska, where minimum concentrations were about one-fifth 
or one-tenth those in the United States and Hawaii. 

Before, during, and well after the period announced as encompassing Opera- 
tion Redwing conducted by the United States at the Pacific Proving Ground 
in 1956, maximums of air concentrations were noted at all sampling stations, 
each lasting from several days to more than a week. The highest value, 25.7 
micromicrocuries per cubic meter of air, was measured in Honolulu, with equally 
high values being observed in Austin, Tex., Indianapolis, Ind., Springfield, IIL, 
and Gastonia, N. C. The latter 4 occurred about 55 days after the announced 
termination of the United States 1956 tests at the Pacific Proving Ground, and 
it is difficult to associate these maximums with our tests, because of the long 
time interval. 

Table 1 and figure 1, accompanying this report, illustrate the shift to higher 
air radioactivity levels at areas east and west of the Mississippi River, at 
Honolulu, and in Alaska, with the passage of time. The most significant shift 
to higher air activities occurred after September 1, 1956, at least 30 days after 
the announced termination of our test operations. 

It has been possible to analyze a number of the samples find the approximate 
date of formation. It should be realized that this method indicates, within 
limits, the formative age of the more recent fission products in each sample, and 
is not intended to assess more than the short-term significance of the gross beta 
radioactivity. Figure 2 illustrates the results of this procedure, and strikingly 
shows that the major portion of the intermediate half-lived fission products 
which were samples in the United States could not have resulted from announced 
test series conducted by the United States. During the 1957 operation all samples 
will be dated. 

Since January 1957, and continuing until the present time, air activity levels 
measured in the United States have been substantially higher at all locations 
than for comparable periods in previous years by a factor of about 5to 10. The 
radiation samples, when dated, show approximate formative ages coinciding to 
a degree with publicly announced foreign nuclear tests. The effect is most notice- 
able in precipitation sample, as described in The Distribution of Radioactivity 
From Rain, by Dr. Lloyd R. Setter and Dr. Conrad P. Straub (presented for 
publication proceedings, American Geophysical Union Meeting, Washington, 
D. C., April 29 to May 1, 1957). 

The National Committee on Radiation Protection, in NBS Handbook 52, has 
suggested 10° uc/ml (1,000 uuc/M*) as the provisional level of permissible con- 
centrations of unkown mixtures of beta-emitting radioisotopes in air. When 
it is reduced to 10 percent of that value as suggested for large population groups, 
namely, 100 uuc/M*, we realize that the measured levels of beta radioactivity 
in air, while generally below the recommended value, are more often approach- 
ing this level as time goes on. 


Radiation surveillance network stations and operators 


Dad. BIONINE TD yD ees Omer C. Sieverding, assistant director, 
Bureau of Laboratories, Connecticut 
State Department of Health, State 
Office Building, Hartford, Conn. 

a-c SMWrenCe, MAG. no een James L. Dallas, associate sanitary 
engineer, Massachusetts State De- 
partment of Health, Room 511, State 
House, Boston, Mass. 


RELL 


2-1 


2-2 


2-3 


8-1 


8-2 


3-3 
3-4 


5-2 


5-3 


6-1 
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Radiation surveillance network stations and operators—Continued 


Prentoty Ni Dscsdecsstinnaemmadnn Byron Keene, radiation physicist, Bu- 
reau of Adult and Industrial Health, 
Division of Constructive Health, 
New Jersey State Department of 
Health, 17 West State Street, Tren- 
ton 7, N. J. 

Rian, The Bncind. dawisicen tne Zeck Wallace W. Sanderson, assistant diree- 
tor, Division of Laboratories and 

Research, New York State Health 
Department, 84 Holland Avenue, Al- 
bany, N. Y. 

wrareisuwre, VOisco 5st Sedans Ronald H. Boyer, assistant industrial 
hygienist, Bureau of Industrial hy- 
giene, Pennsylvania Department of 
Health, 1680 South Cameron Street, 
Harrisburg, Pa. 

Baltimore, M@scsine wus chsac-s ius. Kenneth M. Hallam, chemist, Division 
of Industrial Health and Air Pollu- 
tion, State Department of Health, 
2411 North Charles Street, Balti- 
more, Md. 

Washington, D)-O26520- 6555-3 Dr. Frederick H. Goldman, Chief, 
Public Health Engineering Division, 
District of Columbia Department of 
Public Health, Municipal Building, 
300 Indiana Avenue NW., Washing- 
ton, D. C. 


Gastonta: By Cisco cease William N. Long, Gastonia Health De- 
partment, Gastonia, N. C. 
Richmond; VGs:.csacnetioekasece E. C. Meredith, director, Division of 


Engineering, State Department of 
Health, 12th and Bank Sts., Rich- 
mond, Va. 
Jacksonville, Fla___.__.._-------- Roe B. Hull, Division of Industrial Hy- 
giene, Florida State Board of Health, 
1217 Pearl St., Jacksonville 1, Fla. 
Atlanta, Ga____- Sie TeSE mies elle cee Richard Fetz, Georgia State Depart- 
ment of Public Health, Industrial 
Hygiene Division, Atlanta 3, Ga. 
Springfield, Ill--_------- Sushe canst Robert R. French, sanitary engineer, 
Division of Sanitary Engineering, 
State Department of Health, State 
Office Building, 400 South Spring 
St., Springfield, Il. 
Fndijianapotlis, In@sjo< 2 scecesm ase Frank D. Wraight, Bureau of Environ- 
mental Sanitation, Indiana State 
Board of Health, 1330 West Michi- 
gan St., Indianapolis, Ind. 
eae wa ete Donald E. Van Farowe, chief, Stand- 
ards and Analysis Section, Division 
of Occupational Health, Michigan 
Department of Health, Dewitt Rd., 
Lansing, Mich. 
Cineinnath,. ONG. .4.ccanexsuew - Dr. Lloyd R. Setter, Robert A. Taft 
Sanitary Engineering Center, 4676 
Columbia Parkway, Cincinnati 26, 
Ohio 
lowe: City, JOW Gace cc enintpcneon Robert L. Morris, State Hygienic Lab- 
oratory, 272 Medical Laboratories 
Bldg., University of Iowa campus, 
Iowa City, Iowa 


Lansing, Mich 
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Radiation surveillance network stations and operators—Continued 


minnennons: Minn: = 2. =o Se George Raschka, Industrial Health 
Section, Division of Environmental 
Sanitation, Minnesota State De- 
partment of Health, campus, Uni- 
versity of Minnesota, Minneapolis 
14, Minn. 

Jemerson Gite, Mr. 2! est Louis Garber, industrial hygiene con- 
sultant, Bureau of Public Health 
Engineering, Missouri Division of 
Health, State Office Bldg., Jefferson 
City, Mo. 

PIREE: ee tte 8 Bo ot Se ee Donald G. Kurvink, Occupational and 
Radiological Health, State Depart- 
ment of Health, Pierre, S. Dak. 

roew Urieahs; Ta). oso 22 4 Warren H. Reinhart, chief, Section of 
Occupational Health and Safety, 
Louisiana State Department of 
Health, 1486 Dryades St., New Or- 
leans, La. 

Oklahoma ‘City; Okla... 2. Loyd F. Pummill, sanitary engineer, 
State Department of Health, 5400 
North Eastern, Oklahoma City 5, 
Okla. 

RNG: Pee Ot 28 ah ek ee Martin C. Wukasch, Texas State De- 
partment of Health, Division of San- 
itary Engineering, 410 East 5th St., 
Austin, Tex. 

te Pee. Sen. ae James H. Tillman, City-County Health 
Department, 118 West Missouri 
St., El Paso, Tex. 

Rare eee, a eS ees Frank Edward Wilson, Bureau of San- 
itary Engineering, State Health !e- 
partment, State capitol grounds, 
Little Rock, Ark. 

Denver. re Sa ee ee William R. Van Nattan, Colorado De- 
partment of Public Health, State 
Office Building, Denver 2, Colo. 

Sart fake City, Wrehe 2053. Lynn M. Thatcher, State Department 
of Health, State Capitol Building, 
Salt Lake City, Utah 

Reeve We w0 so ee Robert E. Sundin, Industrial Hygiene 
Section, Wyoming Department of 
Public Health, State Office Building, 
Cheyenne, Wyo. 

Pee, SUMO S. oon 5 oe eee Vaughn Anderson, Division of Engi- 
neering and Sanitation, Idaho State 
Board of Health, Post Office Box 
640, Boise, Idaho 

Anchorage, Alaska. .-..-..---..cc William B. Page, chief, Environ- 
mental Sanitation Section, Arctic 
Health Research Center, Anchorage, 
Alaska 

PROMI A eres Os for ee a George W. Marx, Bureau of Sanita- 
tion, State Department of Health, 
State Office Building, Phoenix, Ariz. 

Beprneney | yen Sera es Dr. Harold L. Helwig, chief, Air Sani- 
tation Laboratory, California State 
Department of Health, 2151 Berke- 
ley Way, Berkeley, Calif. 

TOR ANSGOS, Dall u. ck seek ees Remo Navone, chief, Branch Public 
Health Laboratory, California State 
Department of Health, 1930 Beverly 
Boulevard, Los Angeles 57, Calif. 
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Radiation surveillance network stations and operators—Continued 


G-5 Benes TF. Misectascccssccen Francis H. Woo, chief, Industrial Hy- 


giene, Department of Health, Terri- 
tory of Hawaii, Honolulu, T. H. 


OO WROteuls, Weta Not operational in 1957 network. 
OT Porth, Ovetnnncsssiiscccnncian Richard E. Hatchard, director, air 


9-8 Seattle, Wash 


pollution control, Oregon State 
Board of Health, 1400 South West 
Fifth Avenue, Portland, Oreg. 

sic casshinshetaapicseite acaba aaaaceiia Edwin L. Ruppert, Washington State 
Department of Health, 2120 Smith 
Tower, Seattle 4, Wash. 


GO. JUNG, AMGEN cick dete Ralph B. Williams, director, public 


health laboratories, Alaska Depart- 
ment of Health, Alaska Office 
Building, Juneau, Alaska 


9-10 Klamath Falls, Oreg_........... Max Braden, Klamath County Health 


Department, Klamath Falls, Oreg. 


TABLE 1.—Analysis of air sampling data, showing the trend of radiation levels 
in the United States, Hawaii, and Alaska for 8 time intervals: Before, during, 
and after Operation Redwing 





Geographical area 


Areas east of Mis- 
sissippi River. 


Areas west of Mis- 
sissippi River. 


Honolulu, T. H..-. 


Territory of 
Alaska. 


Numbers of daily air samples, by beta activity level 
Time interval, 

















1956 
0-1 1-3 3-5 5-10 5-15 5-28 | Invalid} Total 
uuc/M? | uue/M? | uue/M? | uue/M? | uue/M? | aue/M! 
ay. 10 _— 90 60 0 0 0 0 16 166 
ay 3 
May 4 through 943 559 24 5 0 0 185 1, 716 
August 31. 
Sept. 1 through 78 170 €7 39 7 4 41 406 
Sept. 27. 
Apr. 10 through 71 99 2 0 0 0 7 179 
May 3. 
“a : through 704 663 114 65 7 4 133 1, 690 
Aug. 31. 
~_ 1 through 24 120 76 82 25 13 29 369 
t. 27. 
Apr. Pi through 12 4 0 0 0 0 0 16 
May 3. 
May 4 through 61 36 12 7 2 2 3 113 
ug. 31. 
Sept. 1 through 0 6 5 8 5 2 1 27 
pt. 27. 
May 4 4 aes 198 4 0 0 0 0 10 212 
31. 
cept "through 25 15 0 2 1 0 11 54 
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Tue DistrisuTion oF RapIoactiviry From Rat * 
Lloyd R. Setter and Conrad P. Straub 2 


Fallout measurements, largely as precipitation, have been made on a con- 
tinuous basis at Cincinnati, Ohio, since March 1953. The studies of 1953° 
and 1954‘ were implemented in October 1953 by weekly or daily tests of the 
atmospheric particulate activity and by the operation of an experimental cistern 
near the site of the rain collector. Correlation is now possible between air 
particle concentration and rainout (washout by precipitation) and the distribu- 
tion of activity between the separated solids and the supernatant liquid in the 
cistern liquid can be determined. This report includes data relating to activity 
levels in air particulates, rainfall, and certain Ohio rivers, 


METHODS 


The methods of sample collection have been described.‘ The precipitation 
values reported in figures 1 and 2 are the means of values reported for six 
stations and were obtained from United States Weather Bureau climatological 
data. To compensate for differences in hours of collection some adjustment in 
these values was made. 

Rainfall was collected in a pail-type sampler, processed to dryness, the gross 
beta-gamma activity was measured, and the results reported on an area basis. 


Fieure 1 
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eo 4  PKEDS. 
eae Lilla nt 
at thy MAR ' a rd { kia yest e" 2a aloe Tt reef DEC. 
RADIATION LEVELS, AIR AND RAINFALL 1955 
Date bomb debris formed Decay slope 
| ON a Ris isc cen etre ewe Sei ee 1.0 
B+ REI Fe i i ase ccs cect esc apo cee en ein apnea 2 
C. TREE 0 SaaS i mr Coe nin mucin nt edema 0 
Gi) ANE 39, Ose ea cok owes cus podanatasbbabnwsndcmbadaeatininen 1.2 
CT Or SS iene tan keene acne een e mB adeeaa aman 1.2 
ESR | Ae ia oe ee eee eee eee ae oe a ener 1,2 
®. | INOWORIE O80 a a onan ke ouseaa pe ae mencusaTmaneds 4,0 


1 For presentation at the American Geophysical Union Meeting, Washington, D. C., April 
29 to May 1, 1957. 

8 Respectively, in charge, radiological investigations, and chief, radiological health pro- 
gram, Robert A. Taft Sanitary Engineering Center, Public Health Service, Department of 
Health, ee and Welfare, Cincinnati, Ohio. 

8 Nader, J. S., S. Goldin, and L. R. Setter. Radioactive Fallout in Cincinnati Area. 
Jour. A. W. W. — 46, 22, 1096 (November 1954). 

* Setter, L. R., ‘and A. §. Goldin, Radioactive Fallout in Surface Waters. Ind. Eng. 
Chem., 48, 2, 251 (February 1956). 








RADIOACTIVE FALLOUT AND ITS EFFECTS ON MAN 467 


FiGcure 2 
80 
: “C)y) \ 
a \ (FALLOUT) : is ‘ 
’ ¢ BR \ 

¢ 60 “ \ B ‘ ‘ ‘ 
aa OL To \(E) 
g “5. (A) i \ Se 
o 30 he ae ee ee ie 

20 Eats ne a San! pr eniads 

10 I a ins 74> sae 

° i 
bo 1.00 
PGMA or uf Mutoh ta Lee d 
g 028 Lu. all Ld Nuk obit alok bb 







(ATMOS. PARTICLE ACT.) 


ppc /M® 
° 2 aoe o 


LL LUTE ULL ad blk 


JAN FEB MAR. ! APRIL MAY JUNE Jury ' AUG | sept ' ocr. 






nov. | pec 
RADIATION LEVELS, AIR AND RAINFALL 1956 

Date bomb debris formed Decay slope 
$., Dectisher 1,10... oe ee eee 1.0 
D: May 3, 3966. no cn ccc mkt alee an deese ees alee enanaee 1.0 
©. SUNG 18: BOs ih eck di eee ee ean nna 1.0 
@:: etl 36, TUG he chee ce ack ees eee dee eerie 1.0 
©). MUSA Si, TUG nea ee deen sea ra ee eee 1.0 


Air particulate activity from January 1, 1955, to August 1956, was determined 
from swatch subsamples representing roughly 80 cubic meters of air filtered 
through gl ass- -fiber filters over a 24-hour period, from the Lincoln Park area, 
Cincinnati.’ Since August 1, 1956, the air activity reported was obtained by 
filtering 20 to 30 cubic meters of air through a membrane (cellulose acetate) 
filter. With the exception of weekend samples collections were made on a daily 
basis. Sampling was continuous and was interrupted only during the period 
required to change the filters. After collection; the membrane filter samples 
were placed in aluminum dishes, saturated with 95 percent alcohol, ignited, 
flash flamed with a Meeker burner, and counted for two 8-minute periods in an 
internal proportional counter. To permit decay of short-lived naturally occur- 
ring alpha activity * counting was delayed for 48 hours. 


RESULTS 


Precipitation, air particulate, and fallout activity 


The precipitation in inches, air particulate activity in micromicrocuries per 
cubic meter (upce/m*), and the fallout activity in millimicrocuries (myc) per 
liter results have been summarized in figures 1 (1955 data) and 2 (1956 data). 
From decay studies on rain samples it was also possible to determine the age of the 
samples. This age, shown with the air activity in figures 1 and 2, was obtained 
by calculating or estimating the slope of the decay rate. For time intervals 
between such decay curves, the decay rate of later date was used to correct 
samples collected during the interval indicated. 

In general, the results show that increased air activity results in increased 
activity in the fallout samples collected. This is particularly true for the 
samples collected in the spring of 1955 during and following continental weapons 
tests and to a lesser extent for samples collected following foreign weapons 
tests activities during fall 1955 or Pacific and foreign tests in 1956. 


5 Tabor, Elbert C. Protein Content of Air—Final Report of Research for the Chemical 
Corps Biological Warfare Research Laboratories on Contracts Nos. CD—3-—3207 and CD-—4— 
4432, USPHS 1956. 

* Setter, L. R., G. R. Hagee, and C. P. Straub. The Analysis of Radioactivity in Surface 
Waters: Practical Laboratory Methods, Submitted for publication in the Am, Soc. for 
Testing Materials, Bull. 1957. 
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Considering particulate activity in air from stations in the Midwest (Cin- 
cinnati, Louisville, St. Louis, Chicago, Minneapolis, and Detroit) the average 
background level of approxmately 0.05 uuc/M * in the fall of 1953 has increased 
to an ar ithmetic average level of 0.6 wuc/M * in 1954, 1.55 wuc/M * in 1955, and 
2.26 puc/M * in 1956. During continental tests in 1955, the activity in Cincinnati 
air (fig. 1) fluctuated from a high of 10 wuc/M* of rapidly decaying radio- 
activity to a low of 0.08 uuc/M ®* of longer lived radioactivity. Less fluctuation 
in radioactivity levels (8.9 to 0.58 uuc/M*) was observed during the Pacific and 
foreign tests of 1956. Presumably this was due to greater diffusion and decay 
of radioactivity from a more distant source. However, a higher sustaining level 
of air radioactivity was noted for the entire year. 

As shown in figure 1, 15 rain collections made between March 15 and June 25, 
1955, showed activity levels above 30 muc/M ?, with the level in 7 of these varying 
from 141 to 1370 muc/M?. From the decay curves indicated, most of this 
activity was short lived. Relatively little radioactivity was observed in samples 
collected during the first 2 and last 6 months of 1955, but the activity collected 
was of longer half life. 

A few peaks of high activity were noted (see fig. 2) during July and September 
1956, but fallout levels in excess of 10 muc/M?* were common throughout the 
year. From the decay curves shown it will be seen that most of the activity 
collected in 1956 was longer lived than that collected during 1955. 


Residual fallout 


A somewhat better appraisal of the amount of long-lived radioactive fallout 
may be obtained by considering the cumulative residual deposition. At Cin- 
cinnati, and presumably at all nonarid areas several hundred miles removed 
from the weapons-test site," increased fallout appears to be associated with 
periods of rainfall and snowfall. 

The fallout, identified quite precisely as to age and rate of decay for the more 
radioactive samples and less accurately for the low-level radioactive samples, 
has been decayed to the first of each succeeding month. The cummulative resi- 
dual activity in millimicrocuries per square meter (myc/M’) of earth’s surface, 
assuming no loss, is plotted as shown in figure 3 for each of the 4 years of record 
from April 1953 to July 1, 1957. In each year there is a peak of activity during 
or immediately following test operations. High peaks of 1054 myc/M’ on June 
1, 1953, and 970 muc/M? on June 1, 1955, are shown for the 2 years of con- 
tinental tests (1953 and 1955), whereas longer lived peaks of 110 and 390 muc/M? 
were observed on July 1, 1954 and October 1, 1956, respectively. Fallout dur- 
ing the latter periods was from Pacific and foreign test operations. If a 6- 
month delay is assumed for observed fallout (that is correcting to the follow- 
ing July 1 after a year of accumulation), the residual activity for each year is 
as follows: 


Residual fallout 
on July 1 following 
year of deposition 





Year of deposition: muc/M? 
a a a Oe ee ee 35 
a ii a i a i re a 35 
WN aeicccsscavavattntliea soe Ttaiecaieabcs ccs Sie cecal LP eae an eh ee Sera 90 
OSG ee AL 2 i Se ee ea i Beek 110 
a he: BOs OO eset id Bee ee ee es 270 


A steeper decay slope is noted on July 1, 1957, for the 1956 fallout, so that 
the 110 myc/M’ probably contains about as much long-lived activity as does the 
1955 fallout. Nevertheless the table clearly shows approximately a threefold 
increase in fallout for 1955 and 1956 in comparison to 1953 and 1954. 

Assuming that the residual fallout as of July 1, of the succeeding year has 
an average age of 1 year, one may estimate the strontium-yttrium activity which 
was deposited. According to Hunter and Ballou® the combined activity of 

r’-Y” 1 year after formation is 3.9 percent of the residual or 10.5 myc/M’ 
deposited over the 4 years. This amount, uniformly mixed with 30 in./yr x 4 yr. 


7List, Robert. Radioactive Fallout in North America From Operation Teapot. USAEC 
Doc. No. NYO-4696 sernaty 1956). 


8 Hunter, H. F., and N. E. Bz aon Fission-Product Decay Rates. Nucleonics, 9, 5, C-2 
(November 1951). 
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or 120 inches of rain over 4 years gives a Sr®-Y®” concentration level of 3.46 


vue/L as compared to the maximum permissible level of this parent-daughter 
combination of 800 pue/L.* 


Distribution of fallout in cistern water 


Early in 1954, an experimental cistern, consisting of a hopper-bottomed tank 
of 2.62M® capacity, was installed to collect precipitation from a portion of the 
roof of an adjacent building. The cistern was in operation from February 10, 
1954, to March 7, 1956, and from July 5 to September 25, 1956. During this 
period, settled cistern water was withdrawn and tested and on 15 occasions 
the settled sludge was removed and tested. The more significant data from 
cistern operation are presented in table 1. The total activity found in the 
cistern water, sludge, and sludge supernatant are indicated in column 7: 
Sludge supernatant consisted of a known quantity of cistern water (up to 50 
liters) required to wash down the cistern sides and bottom. The washed sludge 
was settled for 10 to 15 minutes and the supernatant removed by decantation. 
This supernatant was sampled and tested for dissulved and suspended activity 
in the same manner that the citern water itself was tested. The sludge and 
supernatant solids contained in the roof drainage amounted to an average of 
30 p. p. m. of dry solids (ranging from 9 to 71 p. p. m.) of which about 30 per- 
cent were volatile. 


* Maximum Permissible Amounts of Radioisotopes in the Human Body and Maximum Per- 
missible Concentrations in Air and in Water. National Bureau of Standards Handbook 
No. 52, U. S. Department of Commerce. March 20, 1953. 
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During the 16-month period of cistern operation, the rain collected contained 
a total of 50.4 we of beta activity (col. 8) from bomb debris estimated to be 10 to 
800 days old. Of this total, 36.72 we or 73 percent was recovered from the cistern. 
The remaining 27 percent represents activity fixed to the asphalt roof shingles, 
and errors in measurement. It is interesting to note that estimations based on 
the activity found on washed shingle stone separated from the cistern sludge 
accounted for much more than the 27 percent unaccounted-for activity. How- 
ever, longer contact was possible in the case of the shingle stone contained in 
the sludge in contrast to the contact time during roof runoff. 

The soluble activity in the cistern water varied from 14 to 55 percent or 
amounted to 48 percent (weighted average). There seems to be no clear-cut 
relationship between the percentage of dissolved activity and the age of bomb 
debris. This is contrary to the observation made in 1953 * that the percentage of 
solubility in the rain was less with shorter lived radioactivity. Other factors, 
such as nonradioactive air pollutants, the time radioactive particles were exposed 
to moisture, the size and chemical structure of radioactive particles, and, 
possibly, the inflow of upper atmosphere contaminants to lower levels in the 
rainout zone, play a role in forming the soluble fraction. The concentration of 
dissolved activity in cistern water varied from 7 to 4,160 or an average of 
822 wuc/L. Lower values (less than 76 wuc/L) were observed during periods 
when the bulk of the activity was estimated to be older than 100 days, whereas, 
for activity 7 to 98 days in age, the dissolved activity was 157 uyc/L or more. 

The percentage of activity associated with the suspended solids ranged from 
1 to 77 percent, with an average value of about 25 percent. 

In summary, the cistern study reveals that slightly more than one-half of 
the activity found in the cistern water was soluble and that up to a third of the 
activity would be associated with the suspended solids. Over two-thirds of 
the insoluble activity settles as a sludge (1.5 kg. dry weight) having an activity 
of 10 we/kg. (dry weight). Septicity resulted in further solution of activity, 
but diffusion into the supernatant was minimal if the sludge was undisturbed. 


The distribution of fallout in surface waters 


Nine grab and seven composite (7- to 10-day) samples from 13 stations on the 
Ohio River from Pittsburgh, Pa., to Louisville, Ky., were collected between 
December 27, 1955, to April 20, 1956, in a cooperative study with the Ohio River 
Valley Water Sanitation Commission. The maximum beta activity found was 
100 puc/L as compared to an arithmetic average value of 27.5 uwuc/L of which 
15 puc/L was in solution. 

Additional samples were collected on the tributaries of the Ohio River and 
tested. Through the courtesy of Mr. F. H. Waring, chief sanitary engineer. 
division of sanitary engineering, Ohio State Board of Health, some of these 
results are included in table 2 and figure 4. The samples were collected from 
the Little Miami, the Great Miami, and Scioto Rivers. Included in the table 
are maximum and average activity levels of the surface waters as well as Cin- 
cinnati rainout results for collections made between river samplings. 








472 


RADIOACTIVE 


FALLOUT 


AND ITS EFFECTS ON MAN 





TABLE 2.—The radioactivity of Ohio surface water, 1956, as compared to rainout 





Date of collection 


Feb, 28 
Mar, 13 


May 14 
June 6 


PUNO Teel cccaccsscud. 


July 25. 


Sept. 
Sept. 19 
Oct. 8 


Dec. 18 








Stream 


stations ! 


A 
A 
B 
A 
B 
A 
A 
B 
A 
B 
A 
A 
A 
B 
B 
A 
B 
A 
A 
B 





Maximum 
Dissolved| Total 
| — 
19 | 42 
Sacral Sader 43 
80 | 141 
pibehieetenesit 38 
38 | f4 
25 | 40 
64 | 87 
29 | £0 | 
30 | 66 
45 | 79 
80 217 
Al 149 
84 | 116 
RO | 178 
27 44 
30 158 | 
36 | 46 | 
60 | 68 
34 | co 
26 42 








Stream-water activity, wuc/L 


Average 


Dissolved| Total 


SCwe 


23 
33 
99 
25 


46 





1 Ohio State Board of Health data on: 
A—Little Miami River at Newtown and 5 statfons on Great Miami River from river mile 24.8 to 06.6. 
B—Four stations on Scioto River from river mile 15 to 140. 

2? Weighted average activity of rain at Cincinnati collected hetween dates of stream sampling. 





Rain, 
inches 





Rainout pye/L ? 


Dissolved 





Total 


COmIRDND 





id ees 


™~ woe a 


RADIOACTIVE FALLOUT AND ITS EFFECTS ON MAN 473 


FIGure 4 
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A COMPARISON OF CINCINNATI FALLOUT IN RAIN 
WITH THE ACTIVITY OF O1110 STREAM WATER 


The results show a maximum dissolved activity level of less than 90 sue/L 
compared to a maximum total (suspended and dissolved) activity of 217 uye/L 
for the year. The average dissolved activity appears to represent about one- 
half of the total activity indicated for a given date of sampling. The average 
total activity for each sampling date fluctuated from 25 to 130 uue/L, depend- 
ing to some degree on the activity of the more recent rains. The yearly geo- 
metrie average values for the surface streams are 27 uzuc/L for dissolved or a 
total beta activity of 50 wuc/L as compared to 389 and 974 wuc/L respectively, 
for Cincinnati rain. The average yearly removal by natural agents is, therefore, 
93 to 95 percent for dissolved and total activity, respectively. Actually, the re- 
movals may be even greater inasmuch as some of these streams are known to 
receive radioactive materials from industrial, research, and medical facilities. 

The plotted results (fig. 4) more clearly define the relationship of total rain 
activity (from Cincinnati fallout) with that found at stream stations up to sey- 
eral hundred miles distance. Obviously, Cincinnati rain and activity measure- 
ments can be expected to be at considerable variance to true values at these 
remote distances. Nevertheless, general trends may be observed and the de- 
sirability of establishing more rain monitoring stations as apparent. The rain 
data indicate a sharp increase (150 to 2,100 yuc/L) during the first of the year, 
then, following a drop in May and June, a second rise to levels of 2,000 to 7,000 
by September. During the last 3 months of the year, the rain activity receded. 
Lower levels of activity correspond to longer lived bom) debris and high levels 
correspond to young (short-lived), rapidly decaying, fission products, 

93299°—57—pt. 1——31 
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The ratio of total rain activity to total surface-water activity was determined 
for each month, and reported in terms of the decontamination factor (rainout or 
fallout activity over surface-water activity). These decontamination values were 
plotted against the rain activity as shown in figure 5. It will be seen that re- 
moval by natural agents increases with increased activity of the rain. Compara- 
ble in many respects with other pollutants, the plotted values indicate the ap- 
plication of the law of diminishing returns; i. e., high decontamination factors 
in the order of 65 to 90 (98.5 to 98.9 percent removal) for relatively young 
bomb debris and decontamination factors of 5 to 10 (80 to 90 percent removal) 
for lower level, longer lived activity. 

For a direct comparison of the distribution of rainout in surface waters of 
these streams in the general area of Cincinnati, the rainout (corrected for decay 
to the end of a sampling series) and cistern-water activity of series 11 to 15 
(table 1) have been summarized in table 3 with stream tests of appropriate date. 

It is seen that subsidence in a cistern results in some purification (21 to 38 
percent), adsorption on surfaces such as vegetation, soil and turbidity, percola- 
tion, and dilution play important roles in reducing the total activity of rain (91 
to 92 percent). 

FIGURE 5 
100 


90 
80 
70 


60 


DECONTAMINATION FACTOR 


30 


20 


10 





0 200 400 800 1600 3200 6400 123800 
RAIN ACTIVITY = ppe/} 


THE DECONTAMIKATION OF RAIN BY NATURAL AGENCIES 


TABLE 3.—Comparative beta activity ef rain, cistern, and stream waters 


{Results in micromicrocuries per liter} 











Dissolved activity | Total activity 
Ecries dates cm Cos 
Rain | Cistern | Stream Rain Cistern | Stream 
INOW; 20 00 POD. Dickcetictccaccdsdddedesen fA 76.0 6.0 130 123. 0 0. 23.0 
ets, PORN Verddc caiaccacasavendssulenen 152 157.0 62.0 390 269.0 | 33,0-99.0 
en I Gi ck ees geek ckdee 800 762.0 | 32.0-64.0 1,830 | 1,070.0 | 62.0-130.0 


BO ae ni snie Limi hasnasmiabasabiake | 1, 430 410.0 44.0 2, 420 908. 0 62.0 


311 247.0 28.4 689 424.0 64.8 
Percent removal compared to rainfall.....- lewinvisin ones 20. 6 PAG Boeing 38.5 92. 0 
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RADSAFE EMERGENCY INSTRUCTIONS FOR POPULATED ISLANDS 


1, The commander, JTF-7, has designated a representative for each off-site 
location outside the PPG. For the populated islands near the PPG, the repre- 
sentative is responsible for the radiological safety of the local population and 
the members of the task force. 

2. The representative of the task force commander is provided guidance as 
follows: 

(a) The Marshallese magistrate and irou if on hand and the Marshallese 
health aid and council on each atoll or island should be assured that every 
precaution has been taken to prevent exposure of the natives to radiation 
hazards resulting from fallout. 

(b) The representative will consult with the local magistrate to insure 
that a method exists whereby all residents of an atoll may be summoned to a 
central location and evacuated by air or water transportation if a fallout 
emergency exists. A fallout emergency will be determined by the com- 
mander, JTF-7; however, the local representative will assume that a fallout 
emergency exists at such time as radiological survey instruments, when held 
at a position 3 feet above the ground, indicate a rate of 1r./hr. 

(c) Should evacuation by air be necessary, baggage will be limited to that 
which each individual can carry or approximately 50 pounds. Whether 
evacuation is achieved by sea or air, no animals will be evacuated. A tabu- 
lation of animals left behind should be made as soon as possible to insure 
the accuracy of claims against the Government. 

(d) The local magistrate should be informed that in event of an unfore- 
seen emergency, doctors will be flown from the United States by special air- 
lift to care for local inhabitants who will be evacuated to Kwajalein Atoll 
and that evacuation plans are in existence to permit the task force to cope 
with any emergency. 

(e) Fallout of a dangerous nature can be suspected by the presence of 
a saltlike precipitate or unexpected mist. Should such an event take place, 
it should be confirmed by monitoring. 

3. The representative will arrange through the local magistrate and native 
health aid to inform the Marshallese of the basic health measures that they may 
take to protect themselves from danger in case fallout is suspected or confirmed. 

These measures are: 

(a) Remain indoors or under cover to protect themselves from the falling 
or settling radioactive particles. 

(b) If particles settle on clothing, dust and shake off clothing. 

(c) Bathe and keep clean. Particular attention should be given to wash- 
ing under the arms, the groin, face, and hair. 

(d@) Keep food covered to prevent ingestion of fallout particles. 

(e) Should the readings exceed 5 r./hr. it is recommended that the na- 
tives be advised to stand out in the water (ocean) and immerse themselves 
as often as practicable or keep themselves under water. This recommenda- 


tion is based on the fact that water does extremely well in attenuating 
radiation, 


(A report of the Radiological Health Branch, Bureau of State 
Services, Public Health Service, is inserted at this point in addition to 
the material submitted.) 

RADIOLOGICAL HEALTH BRANCH, 
Bureau or Strate SERVICES, 
PusLic HEALTH SERVICE, 
October 1952, 


SUMMARY OF THE ReporTeD RADIATION Exposure IN THE UNITED STATES 
I. INTRODUCTION 


The program of the Radiological Health Branch, Public Health Service, 
is directed toward preventing the impairment of human well-being from acci- 
dental or unwise exposure to harmful amounts of ionizing radiations and toward 
improvement of health through judicious use of these radiations. This program 
can best be accomplished through cooperative efforts of the Radiological Health 
Branch and the State and local health agencies, 


' 
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In order to pursue such an objective effectively, knowledge as to the sources 
of exposure of human beings to ionizing radiation in the United States, the rela- 
tive importance of these exposures, and the total effect of them on the health of 
the Nation is a necessity. 

This paper summarizes the available unclassified published data on current 
sources of radiation exposure in the United States and their relative quantitative 
importance. It is expected that the future will bring nuclear reactors for power 
purposes into widespread use. The quantities of radioactive materials involved 
will dwarf the presently produced sources of ionizing radiation. The com- 
petence of the health profession to cope with the increased problems arising from 
these new sources of radiation will be determined by the training and experi- 
ence of its members in handling present radiological publie health problems, 
Now is the time to prepare to meet the health problems of the nuclear- 
power industry. 

II. SOURCES OF RADIATION EXPOSURE 


The existing radiation exposure in the United States (exclusive of natural 
background radiation) originates from the use of radiation-producing machines 
and radioactive substances in many fields—broadly covered by the terms “the 
healing arts, 
search) usage. 

The following table lists the sources of radiation exposure in the United States 
about which the Radiological Health Branch has been able to collect information. 
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industrial usage,” “commercial usage,” and “investigative (re- 
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Ill. RADIATION EXPOSURES 
A. Background radiation 


The human race has always been exposed to some ionizing radiation. It is 
continually being irradiated by radiation from natural sources in the general 
environment such as uranium, thorium, actinium, radium, radon, and their 
decay products, from cosmic radiation, and from cosmic-ray induced radioactive 
materials (1). The aggregate of these radiation sources is known as the natural 
background radiation. A person who lives to be 70 years of age is exposed to a 
total of about 9 roentgens background radiation during his lifetime (2). 


B. X-ray in the “healing arts” 


There are more than 125,000 X-ray units in the United States being used for 
diagnosis and therapy. Some 50,000 of these units are used by general practi- 
tioners, physician specialists, radiologists, and in hospitals and clinics (3). 
Approximately 65,000 of the units are used by dentists (4). It is estimated that 
some 11,000 are being used by doctors of osteopathy and doctors of chiro- 
practice (5). 

There are more than 215,000 operating personnel potentially exposed to radia- 
tion in the use of these X-ray units in the United States. These include some 
3,000 radiologists devoting full time to their specialty, 500 physicians devoting 
most of their time to radiology, 600 physicians who are second- and third-year 
residents in radiology, 31,000 general practitioners and physician specialists 
owning their own equipment (3), 67,000 dentists utilizing X-ray equipment (4), 
and some 11,000 osteopaths and chiropractors using X-ray equipment (5). In 
addition, there are some 40,000 X-ray technicians (6) and probably close to 
50,000 dental technicians and assistants (7) (8) currently potentially exposed 
to radiation. This listing undoubtedly omits many nurses, clerks, attendants, 
technicians, and others also exposed more or less often to radiation. 

Many instances of excessive exposure of X-ray personnel in the United States 
are reported in the literature (9), (10), (11), (12). However, few specific data 
are available regarding average exposures for such workers. In one 9-month 
survey (13) of personnel in 4 X-ray departments, it was found that about 0.5 
percent of the weekly exposures exceeded 0.3 roentgen. However, 97 percent 
were less than 0.05 roentgen. In a similar 3-week survey (13) of personnel in 
doctors’ and dentists’ offices and X-ray departments, 3 percent of the weekly 
exposures exceeded 0.3 roentgen with 81.5 percent being less than 0.05 roentgen. 
Surveys of United States Public Health Service hospitals by the Radiological 
Health Training Section, Cincinnati, Ohio (14), have revealed exposures ranging 
from 0 to 0.46 roentgen per 2-week periods for X-ray personnel. It has also 
been reported (15) that an appreciable fraction of radiologists experience ex- 
posures on the average of more than 0.1 roentgen per day and that 20 percent of 
the personnel operating photofluorographie equipment exceed 0.3 roentgen per 
week (16). For dental X-ray it has been reported (17) that the operator receives 
approximately 0.1 roentgen of general body exposure per 8 examinations of the 
mouth, each of which consists of a series of 103-second exposures. This assumes 
eareful operation of the unit. Dental operators conducting mass dental X-ray 
surveys can easily receive present-day maximum allowable radiation dosages, 
even with some rotation of operators. Personnel in the immediate area of such 
dental X-ray units can receive appreciable percentages of daily and weekly 
maximum allowable limits (18). 

In the United States, about 2,500,000 persons are seen each day by physicians. 
A large number of these people have some X-ray diagnostic procedure performed 
upon them by the physicians and, in addition, more than 82,000 of them are 
referred to radiologists (3). 

Radiologists give approximately 25 million X-ray examinations annually (3). 
The following table summarizes the data relative to radiation exposures resulting 
from these examinations. These data have been obtained by the Radiological 
Health Branch from the published literature (2), (3), (15), (17), (19) through 
(28). 
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TABLE I.—X-ray examinations 





Average Relative Roentgen 





Type dosage distribution | dosage for 
(roentgens) | of each type average 
examination 
Percent 
ie. 1.5 ce cicntpichinmeninaitnneliiinmeiigbieiies 2.7 61. 
Pe NRIs fins crcinnsiciimane nitendcaupegummmnsaarupmanael 1.0 33. 64 li 
FOO a con ccctccdecinkudndisinatactcusanasdargeasenel 65.0 14. 48 





Probably the largest single contributing source to the total medical radiation 
exposure in the United States is the mass chest X-ray survey for tuberculosis. 
An estimate for 1950 as to the number of persons given chest X-rays in such 
surveys would be about 15 million (29). A portion of the 25 million X-ray 
examinations given annually to persons seen by physicians is probably included 
in the 16 million chest X-rays because of inherent overlap of the reporting pro- 
cedures. Most of the X-rays given in the mass survey are of the photofluoro- 
graphic type. This type of examination results in about 1.0 roentgen exposure 
to the chest of the patient (15) (21). 

More than 4 million X-ray treatments are given annually to the 82,000 persons 
referred daily to radiologists (3). These treatments are confined as a rule to 
a very small portion of the patient’s body. The average dosage received is of 
the order of 6,000 to 7,000 roentgens per treatment (30) through (34). 

It has been estimated that in 1949 60 million persons (40 percent of the 
population) in the United States visited their dentists (8). Some 84 million 
roentgenograms are taken annually for dental X-ray purposes (35). The aver- 
age exposure to the mouth of the patient is about 5 roentgens per film (36). 
Total body irradiation is a fraction of this amount. 


C. X-ray in industry 


Industrial X-ray devices include primarily (a) radiographic and fluoroscopic 
units used for the determination of defects in castings, fabricated structures, 
and welds, and (0b) fluoroscopic units used for the detection of foreign material 
as in packaged foods. 

It is estimated that there are at present approximately 800 active industrial 
radiographic installations in the United States (388). The total number of 
X-ray units (both radiographic and fluoroscopic) in use in industry is probably 
about 2,000 (40). 

In a survey of 61 industrial radiographic X-ray units in Ohio (37) it was 
found that some 400 persons were potentially exposed. Applying this ratio to 
the 800 active industrial radiographic installations in the United States (assum- 
ing 1 unit per installation), it can be estimated that some 5,000 persons are 
potentially exposed to radiation from industrial radiographic installations in 
this country. Numbers of personnel exposed in the use of industrial fluoroscopic 
units are not known. 

The hazards of X-radiation in industry are due to the high intensities employed, 
the frequency of operation (11), and the use of “homemade” or makeshift equip- 
ment or equipment originally designed for other purposes. It is not unusual 
for one radiographic installation to expose a thousand films in 1 day (39). 
Energy levels for radiographic installations range up to greater than 1,000 kilo- 
volts. The use of makeshift equipment is especially hazardous in industrial 
fluoroscopy (39). However, this does not mean to imply, ipso facto, that all 
other fluoroscopy units are absolutely safe regardless of the manner of their 
operation, 

I.xposure levels for personnel in industry depend upon the installation. Most 
installations were designed and the personnel assignments planned so as to limit 
personnel exposures to the levels recommended in the National Bureau of Stand- 
ards Handbook current at the time the equipment was built. However, the 
continual revision downward of maximum permissible exposure limits (currently 
0.3 roentgen per week) calls for a reevaluation, by survey, of the older instal- 
lations. 

In the use of fluoroscopy for the scanning of personnel, such as at prisons, 
exposures of 0.045 to 0.09 roentgens per inspection may be received by the 
“patient.” In addition, the unit operator may receive about 0.1 roentgen to the 
head and shoulders for each 50 persons inspected (11). 
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It has been reported (45) that during the manufacture, testing, and operation 
of high-voltage electronic tubes measurable amounts of potentially harmful 
| X-rays were produced. In one industrial situation studied the exposure to the 
operator was found to be as high as 2.5 roentgens per day (45). 
Theater- or projection-type television tubes have also been reported as sources 
of X-radiation. 


D. Commercial use of X-ray 


In the use of fluoroscopy in shoe-fitting, mean exposures from 7 to 14 roentgens 
per 20 second exposure (an average setting) have been reported (41 (42 (43). 
Although exposure is intended for the feet of the customer only, dosages of 0.03 
to 0.17 roentgen per 20 second exposure have been reported as being received 
by the pelvis (44). The number of exposures received by shoe customers is not 
known. It is estimated that the 30,000 to 40,000 persons (shoe salesmen, clerks, 
and bystanders) are exposed chronically in the operation of the some 10,000 
shoe-fitting fluoroscopes in the United States (42) (43). 


BE. X-ray in research 


With the development of atomic and nuclear physics, high voltage X-ray ma- 
chines have become familiar features of the average laboratory found at uni- 
versities and similar institutions. 

Few data are available as to the levels of exposure received by personnel in 
such radiation labo:atories. Injuries have probably been held to a minimum by 
frequent turnover of personnel under university laboratory conditions. How- 
ever, in such laboratories where cyclotrons, linear accelerators, and positive ion 
tubes, as well as high voltage X-ray machines, have been used, it is estimated 
there has been a frequency rate of 1 palpable injury per 20-30 man-years of active 
employment in radiation work (46). 

There are about 1,500 X-ray diffraction units in the United States (40). 
Radiological Health Branch surveys of these units have recorded intensities of 
scattered radiation up to 1 roentgen per hour (14). There have been several 
reports ‘f skin ulcers resulting from accidental overexposures in the use of this 
type equipment (39). 

Many research laboratories today use the electron microscope. There are 
approximately 500 in use in the United States. Several authors (47) (48) (49) 
have presented papers on the exposure associated with radiation from these 
units. Intensities of scattered radiation ranging up to 1.5 roentgens per hour 
have been reported (47). 


FP. Radioisotopes (excluding radium) 


More than 900 universities, hospitals, and research laboratories in the United 
States have or are using radioactive isotopes produced by the United States 
Atomic Energy Commission for medical, biological, industrial, agricultural, and 
scientific research and medical diagnosis and treatment (50) (53). 

In a survey (51) of the available radiobiological research and training facili- 
ties throughout the United States and Canada, of 153 institutions covered, more 
than 1,300 staff members and 800 graduate students were engaged in work with 
isotopes. In 76 of the institutions, isotopes were being used in patients for 
research, diagnosis, and therapy. It has been estimated that a total of some 
7,500 persons are currently engaged in work utilizing radioisotopes in the United 
States (52). 

Of the users of radioisotopes, on the average, about 1 in 300 exceeds the pres- 
ent day maximum permissible radiation exposure (0.3 roentgen per week) and 
50 to 75 percent receive less than 0.05 roentgen per week. 

During 1950, an average cf 45 curies of radioactive isotopes were distributed 
per month (52). 

1. Medical.—Radioisotopes are used medically for diagnosis and therapy. Pa- 
tients to whom these radioisotopes are internally administered may receive 10 
or more roentgens whole body exposure from diagnostic doses and from 75 to 
100 roentgens from therapeutic doses (54). Single organs such as the thyroid 
gland may receive from 10,00 to 300,000 roentgens total tissue dosage (55). 

It has been recommended as a public health precaution that “patients who 
receive large doses f I™ or Au™ should be hospitalized until the total residual 
activity in the body is not over 30 millicuries” (56). 

Radioisotopes are also used in medical therapy as external sources of radia- 
tion. Beta ray applicators are available for the treatment of certain eye condi- 
tions. Cobalt 60 sources are available in the form of large shielded concentrated 
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sources for deep therapy and in the form of small needle sources for intracavi- 
tary and interstitial therapy. 

©. Industry.—Cobalt 60 is being used industrially for radiography. There are 
currently about 80 sources being used in the United States in such industries 
as railroads, steel, boiler, automotive, ceramics, pressure vessels, and castings 
(57). The intensity of radiation from 1 curie of unshielded cobalt 60 at 1 
foot distance is 14.4 roentgens per hour (50). The quantities used in industry 
range from one or two hundred millicuries up to as high perhaps as 1 curie (58). 

Thickness gages, using radioisotopes, are becoming more and more popular in 
industry. There are more than 50 utilizing strontium 90 and some 20 utilizing 
other radioisotopes presently in use in the United States (60). Surveys have 
shown that the external radiation to which personnel working around the units 
are exposed is well below permissible limits (61). 

Strontium 90 is also being used as a source of ionizing radiation in luminous 
paint. 


These and other radioisotopes are also being widely used in a variety of in- 
dustrial research problems. 

Wastes: Wastes from the use of radioisotopes in industry, the medical pro- 
fession, and research laboratories, could cause radiation exposure to persons 
outside the installations using the radioisotopes. Safe disposition procedures 
have been well covered in official publications (62) (63). Estimates as to the 
adequacy of disposition methods presently in practice vary (64) (65). 


G. Radium 


The radiation from 1 curie of radium, inequilibrium with its decay products, 
and enclosed in 0.5 mm. of platinum, will produce a gamma ray exposure of 
about 9 roentgens per hour at a distance of 1 foot (66). 

1. Medical.—In the medical use of radium, the technician, therapist, patient, 
and persons near the patient (other patients, nurses, and attendants) are 
exposed. 

Since radium seldom can be applied to the patient remotely with accuracy, 
radium technicians and therapists often receive relatively large exposures. It 
has been reported in England that the local exposure to their hands in many 
cases exceeds 1 roentgen per day (67). Other exposure occurs in the prepara- 
tion and handling of radon capillaries. 

It has been reported that the average daily exposure in a typical teleradium 
installation in England ranged between 0.13 and 0.25 roentgen (68). 

In radium therapy, patients receive radiation dosages comparable to those 
given in X-ray therapy. 

2. Industry—(a) Radiography: In 1948, approximately 50 grams of radium 
were being used for radiography in the United States (69). During World 
War II, this figure reached 100 grams (69), largely due to the fact that X-ray 
units were difficult to obtain. At present, much of the radium-radiographic 
work that was done during the war has been discontinued and X-ray machines 
and cobalt—60 are being used instead. 

Radium sources are commercially available in 25, 50, 100, 200, 300, and 500 
milligram units. The 100 and 200 milligram sources are most commonly used 
(69). 

‘ Average exposures received by industrial personnel handling radium are not 
cnown. 

(b) Luminous compounds: Several hundred grams of radium were utilized in 
the luminous compound industry in the United States during World War II 
(73). During this period there were several thousand workers engaged in the 
use of self-luminous paints. After World War II, the number decreased and in 
1948 there were only about 300 people engaged in this work in the United States 
(69). 

Although individual workers handle only small quantities of radium daily, the 
hazards to health from this use of radium are significantly greater because it is 
not sealed in a container and, therefore, can be ingested or inhaled. 

Under present conditions, it is recommended that no worker exceed a maxti- 
mum permissible amount of 0.1 microgram radium fixed in the body (70). Un- 
der the best working conditions existing in 1943 in the radium dial painting in- 
dustry, 15 percent of the workers accumulated more than the maximum per- 
missible amount (71). It has been reported (72) recently that a survey in a 
military-aircraft-instrument shop, which followed the safety regulations of the 
National Bureau of Standards, found a degree of radium contamination greatly 
in excess of the maximum permitted. 
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It is generally accepted that the maximum allowable level for radon in the 
air is 10 micromicrocuries per liter (46). It has been reported that when 
workroom ventilation requirements are met, the radon concentration in the 
workroom air will not exceed 80 percent of the maximum permissible limit (71). 
However, ventilation requirements are not always met, especially in storage and 
packing rooms and offices. 

The normal gamma radiation exposure received by dial painting workers ap- 
pears to be about 0.02 roentgen per day (46). 

Exposures may also occur in the use of the finished product to which a lumi- 
nous compound has been added. A watch may have approximately 1 microgram 
of radium on it. Some clocks and aircraft instruments may contain from 10 to 
100 micrograms of radium (74). It has been reported (74) in surveys in air- 
planes that the level of exposure at the instrument panel was 0.01 roentgen per 
hour and from 0.0002 to 0.001 roentgen per hour at the pilot’s body position. 

(c) Reprocessing and preparation of radium and radon sources: Radium 
preparations that have become obsolete in either design, or use, or the seal of 
which has broken or worn thin, should be reprocessed. This work involves 
hazards similar to those encountered in the subdivision of radium into capsules 
for medical or industrial use. The work is performed by relatively few com- 
panies. However, the work has not been governed by geveral regulations of the 
type applied to the luminous compound industry. A radon concentration of 
2.200 micromicrocuries has been quoted as average in the general laboratory of 
one of the most reputable companies (46). 

The operation of radon plants, commercially or in hospitals, can be very 
hazardous since the worker is exposed not only to radon but also te beta and 
gamma radiations of the radium and its decay products. 

(d) Static eliminators: Static eliminators are widely used in textile and paper 
trades, in printing and photographic processing industries, and by telephone and 
telegraph companies. 

One type, the ionotron, consists of a bar containing a strip of metal im- 
pregnated with radium. A thin layer of gold and nickel are plated over the 
radium-metal strip to protect the radium and act as a seal. 

The main hazards from the ionotron are exposure to beta and gamma radia- 
tion (alpha constitutes little external hazard) and radon gas. 

Actual exposures of 0.003 to 0.005 roentgen per hour for pressmen and 0.5 
to 1.0 roentgen per hour for maintenance personnel have been reported in a 
survey of a printing plant (75). Fortunately the latter duties required only 
about 15 minutes per day of such exposure. 

In other surveys, levels up to 0.085 roentgen per hour have been reported 
in the working area near such units (69). 

The radon hazard from ionotrons is small, if they are given proper care. 

Ilowever, if the seal is broken, a radon hazard may result. Several surveys 
have pointed out that improper storage and handling of static eliminators is 
common (76). 

A second type of static eliminator, the alphatron, contains polonium as the radio- 
active source. These units constitute little external radiation hazard since the 
alpha particles from polonium travel only a short distance in air. The hazards 
associated with their use result primarily from ingestion or inhalation of 
polonium liberated through breaking of the gold seal and flaking (77). 

Polonium will volatilize at lower temperatures than radium and careful con- 
sideration must be given this point in certain specialized applications (77). 

Statice eliminators are also used with analytical balances and microtomes. 

Polonium bars are also mounted on brushes for use as a static charge eliminator 
for phonograph records and photographic films. 

Lost radium: Numerous instances of radium being lost have been reported in 
the newspapers. Taft (78) has reported on 107 losses with 59 complete recoveries, 
11 partial recoveries, 36 total losses, and 1 unknown result. There is danger of 
unsuspected radiation exposure in all such instances. 

Shipping of radioactive materials: Exposures can occur during the handling 
and shipping of radioactive materials. Interstate Commerce Commission and 
Post Office Department regulations governing the shipment of radioactive ma- 
terials by domestic ground and water transport and the interim regulations 
for shipments by air attempt to accomplish three objectives: 

(1) protection of people, 
(2) protection of film, 
(3) avoidance of excessive shielding weight (excessive carrying charges). 
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It has been reported that the maximum exposure which an airplane crew 
member or passenger would receive under the regulations would be 0.012 
roeutgens per hour. Maximum exposure for pilots (flying 85 hours per month) 
would then be 1.02 roentgens per month (74). 


H. Nuclear reactors 


A “water boiler” (79) type nuclear reactor is being built at the North Carolina 
State College. Data on this reactor can serve as a tentative guide in establishing 
the importance of such installations with regard to the radiation levels in the 
United States. 

The North Carolina reactor is to operate at a maximum of 10 kw. Heavy 
shielding will limit the exposure, resulting from a maximum of some 105 curies 
of activity present, to a safe level. 

The heat generated during operations will be removed by circulating water 
through sets of cooling coils inside the reactor cylinder. This water, from the 
Raleigh city system, will be fed into the reactor after passage through automatic 
pressure reducing-regulating valves; at 10 kw. power level a total of 3 gallons 
per minute will be required. 

The intense neutron bombardment received by the coolant in passing through 
the reactor will induce radioactiivty in it (principally in the dissolved and sus- 
pended solids). The resultant activity will be near 1,000 disintegrations per 
second per cubie centimeter initially. Assuming no shielding and no internal 
absorption of radiation by the water, 10 gallons of freshly irradiated water 
would produce a radation dosage rate of approximately 0.08 rotentgen per 8 
hours a distance of 5 feet. After 1 hour, the dosage rate would drop to about 
0.0008 roentgen per 8 hours at a distance of 5 feet. Tanks for collecting and 
retaining this waste water for 10 hours are provided. 

The reactor in operation produces a small volume of gaseous fission products, 
resulting from the fission of uranium into elements of gaseous nature, and larger 
volumes of other gases resulting from the decomposition of the water molecules 
in the fuel solution into hydrogen and oxygen. The activity of the fission product 
bases will be considerable, amounting initially to about 7,000 curies per kilowatt- 
minute. However, after 4 hours, the 7,000 curies will have decayed to 0.15 curies. 
The activity of the decomposition gases will be negligible. At 5 kilowatt operat- 
ing level, the total volume of gases produced will be 40 liters per hour. Solid as 
well as other liquid and gaseous wastes will result if laboratory or experimental 
programs are conducted in conjunction with operation of the reactor, 

It has been reported that at least five major universities have expressed 
interest in following the steps of North Carolina State College by building re- 
search reactors outside of Atomic Energy Commission sites (81). Undoubtedly, 
other reactors will soon be built at other colleges and universities and in industry. 

A second type reactor is being built by North American Aviation, Inc., in 
California (80). It too should serve as a guide in establishing the importance of 
such installations in the total radiation exposure in the United States. The re- 
actor is to be of the enriched-uranium, graphite-moderated, type and will be used 
for research. It will be operated at a designed capacity of 160 kilowatts and will 
be shielded by 6 inches of steel and about 3 feet of “heavy” concrete (total weight 
450 tons). Data as to the wastes to be produced by this reactor and resulting 
radiation exposures have not been released, 


I. Particle accelerators 


In 1941, there were only some 16 cyclotron laboratories in the United States 
(12). It was reported that due to the tremendous cost of particle accelerator 
units (namely cyclotrons, synchrotrons, Van de Graaff generators, and beta- 
trons), their number was not apt to grow to more than a few dozen (82). How- 
ever, the impetus to nuclear research created by the atomic energy program has 
caused their number to increase to over 100. 

For example, 20 machines came into operation in 1950 and 21 in 1951 under 
auspices of the Atomic Energy Commission (83), One company reported, in 
a recent advertisement, that it had built 15 Van de Graaff Electrostatic Acceler- 
ators at research installations in the United States (84). 

Exact determination of the type and intensity of radiation encountered around 
particle accelerators is often difficult or impossible because of the mixture of 
radiations present (85). Beta radiation originates from the various accelera- 
tors but the possibility of direct exposure is slight (85). Neutrons probably con- 
stitute one of the main hazards as they are produced in profusion in the opera- 
tion of cyclotrons and synchrotrons (82), 
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Impaired vision of several nuclear physicists as a result of work with cyclo- 
trons was reported recently (86). The general injury rate for laboratory radia- 
tion workers was discussed under the portion of this paper covering “X-Ray in 
Research.” 

J. AEC activities 

Activities of the Atomic Energy Commission in the fields of fissionable ma- 
terial production and weapons testing contribute to the level of radiation to which 
special groups and the general public are subjected. Specific items are: 

1. Uranium mining and milling.—The uranium mining and milling activities 
in this country are predominantly restricted to the region of the Colorado Plateau. 
Some 2,000 miners and millers are engaged in this work (87). It has been re- 
ported that the mining and processing of the ores and metals yield dusts and 
fumes which are sources of radioactive air pollutants (88). The United States 
Iublie Heaith Service and several State agencies are active in studies of the 
specific hazards in this industry (89). They have reported finding radon ex- 
posures above the maximum permissible limit in several of the mines, In these 
instances, control measures are being applied as rapidly as possible. 

2. Operation of nuclear reactors.—Operation of nuclear reactors within the 
Atomie Energy Commission contribute to the magnitude of the radiation ex- 
posure in the United States. It has been reported that the use of air for cooling 
purposes in nuclear reactors is a source of radioactive air pollutants (S88). The 
use of water for cooling purposes at Hanford contributes radioactivity to the 
Columbia River. 

3. Other AEC plant wastes.—Chemical dissolving and separation processes and 
the operation of “hot” laboratory hoods plus the incineration of contaminaied 
solid materials (such as experimental animals) are all sources of radioactive air 
pollutants (88). 

Since the operations producing these radioactive air pollutants are widespread, 
the potential hazards are by no means always confined to those directly employed 
in such activities. The discharge of radioactive gases, dusts, and other radio- 
active pollutants outside the immediate area of operation may greatly increase 
the radius of the possible health hazards (90). 

The chemical dissolving and separation processes also contribute liquid wastes. 
It has been reported that the Oak Ridge installation of the AEC discharges up to 
5 curies per day of liquid wastes (91). 

4. Weapons tests.—In 1951 12 bombs were dentonated at the AEC Proving 
Ground in Nevada, 

The fission product activity 1 hour after the dentonation of a nominal atomic 
bomb is in order of 10° curies. One week later, there are still about 10’ curies 
remaining (92). Fortunately the majority of this activity probably remains in 
the upper atmosphere. However, some of it is distributed over most all of the 
United States. For example: 

(a) Radioactive snow has been renorted falling over wide portions of the 
United States following these tests (93). 

(b) The background count in many radiation laboratories increases by a 
factor of 5 to 10 during these periods, necessitating in many instances the 
curtailment or complete stopping of counting activities. 

(c) Film manufacturing companies must take precautions to prevent fogging 
of their film during these tests (94). In the 11th semiannual report of the 
AEC, it was stated that the photographic industry must specially treat water 
used during these periods due to contamination from fallout (83). 

K. Other factors affecting erposure levels 

1. Availability of radioactive materials —Under the law, the Atomic Energy 
Commission carefully controls the distribution of radioactive materials pro- 
duced in its operations. However, naturally radioactive materials are not 
subject to similar regulations. As a result, certain products containing small 
quantities of naturally radioactive materials may be purchased on the open 
market. For example, brushes for use as static charge eliminators (polonium), 
and instruments with luminous dials (radium). The high cost of large quan- 
tities of radium (such as are used for industrial radiography and medical 
therapy) and the care exercised by the radium companies in their distribution 
tend to eliminate them from the “open market” classification. 

2. Fission products.—Only about 4 curies of fission products had been dis- 
tributed by the Atomie Energy Commission through 1950; the rate of distri- 
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bution is expected to increase considerably within the next few years. Sug- 
gested uses for fission products include: 

(a) Activation of phosphors. 

(b) Statice eliminators. 

(c) Fluorescent light tubes. 

(d) Instruments containing radiation sources. 

(e) Industrial radiography. 

(f) Cold sterilization of food and drugs. 


L. Accidents 


Accidents appear to be an implicit complication of all activities involving 
man, There is no reason to believe that his activities in the radiation field 
will differ in this respect. In fact, numerous instances of radiation injury 
have been recorded in the literature (89) (86) (97) (98) (99). In addition, 
based on private conversations, it is believed that only a small fraction of the 
accidents which do occur are ever recorded in the literature. 

Any radiation exposure from accidents would be in addition to the exposures 
listed elsewhere in this article. Obviously, the potential amount of exposure 
and the probable severity of injury incurred in an accident would vary with the 
amount of radiation involved. 


IV. COMMENTARY 


A summary of the published literature available to the Radiological Health 
Branch and pertaining to the sources and levels of radiation exposure in the 

United States has been presented. 

Definite conclusions concerning the relative public-health importance of the 
several categories of radiation sources in the United States should not be drawn 
from the data presented since the amount of the published literature in each 
field largely determined the data available. 

The public-health importance of individual sources will vary for different 
localities. Furthermore, this relationship is constantly changing. For example, 
many radiation-minded health people feel that, in the future, use of nuclear 
reactors in research, medicine, and industry will be the biggest public-health 
problem. 

This paper is intended to serve as a guide to the State and local health officer 
in seeking out, evaluating, and controlling the radiation affecting the public 
health in his area. If it is of assistance in initiating a radiological public-health 
program at the local level, it will have served its purpose. 
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The committee will stand in recess. 


gegen oom at 12:30 p. m., the committee recessed, to reconvene 
at 2 p.m., of the same day. 


AFTERNOON SESSION 


Representative Hortrrecp. The committee will be in order. 

There will be a slight change in order of the witnesses by agree- 
ment. We will ask Dr. Western to be the first witness. Dr. Forrest 
Western of the Division of Biology and Medicine of the Atomic 
Energy Commission will be speaking on the subject of delayed fallout, 
the behavior in geological and physical processes and the mechanisms 
by which delayed fallout enters into the biological processes and 
reaches man. 

Dr. Western, we are happy to have you with us. 
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STATEMENT OF DR. FORREST WESTERN, DIVISION OF BIOLOGY 
AND MEDICINE, ATOMIC ENERGY COMMISSION + 


Dr. Western. Thank you, Mr. Holifield. I believe at this point 
what I will say will mark a transition in the general nature of the 
discussions from a discussion of the largely physical and chemical 
processes which are involved in the production of the radioactive 
material and the factors which enter into the biological considerations, 
So this would start the item which on your outline is marked “Topic 
VIII.” I believe this is the correct number. In topics VIII and IX 
we will plan to cover this entire subject, and my remarks perhaps 
should be considered in the light of introductory remarks to the papers 
which will follow. 

Representative Hortrretp. Dr. Lyle Alexander, then, will take topic 
IX? 

Dr. Western. Topic VIII, I believe. I believe this is the correct 
numbering, according to the outline, with Dr. Eisenbud, Dr. Kulp, 
and Dr. Revelle on topic IX. 

Before I start my remarks, I would like to do two things. First I 
would like to express my personal pleasure at the manner in which 
the hearings have been conducted until now. I have enjoyed very 
much the questions which you and others have asked the various wit- 
nesses. They have at times been very penetrating and very searching. 
At the same time they indicate a much greater understanding of the 
highly technical detail that is involved here than one normally finds 
on the part of people who are not routinely engaged in studies of this 
kind. I hope that what I have to say will add to the general under- 
standing of the subject. 

I have prepared a brief statement which does review a number of 
things which have already been discussed and which does mention a 
number of things which will be discussed. 

Before I start my prepared statement, I would like to ask permis- 
sion to submit to you for introduction into the record some statements 
by Dr. Norman $8. McDonald, of the atomic energy project of the 
University of California at Los Angeles. 

At the invitation of your staff, Dr. McDonald has submitted these 
statements, but I believe he submitted them through us or asked that 
we submit them for him rather than submitting them directly. 

If you wish I shall be glad to identify the parts. If not, I will be 
glad to give you the copy. 

Representative Hoxrtrietp. Will you please identify the parts at 
this point. 

Dr. Western. Dr. McDonald has identified his statements in rela- 
tionship to the outline for the hearings which had been provided. 

His first statement has to do with the possibilities for water treat- 
ment for the removal of strontium. This is topic VIII. 
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His second statement has to do with the calcium model as a basis 
for predicting strontium 90 behavior. This is identified in the out- 
line as topic 1x (C). 

His third statement is on the deposition in man, variations of stron- 
tium-90 level, which he identifies as topic 1X (D). 

His fourth statement, predicted occurrence from weapons test fired 
in 1957, topic 1X (F). 

In addition, there is a group of 11 references upon which some of 
the statements made are based. 

Representative Horirimextp. Without objection Dr. MeDonald’s 
statement will be inserted in the record. (See p. 720.) 

The Chair might state that similar treatment of our subject matter 
has been requested from a number of scientists who found it impos- 
sible because of their duties to attend these hearings. We felt that 
this would be a matter of supplementing the oral testimony and would 
give us a complete coverage of the subject as we can get at this time. 

You may proceed, sir. 

Dr. Western. Thank you. 

In these hearings on The Nature of Radioactive Fallout and Its 
Effects on Man, previous witnesses have discussed the nature of radio- 
activity and of radiation, and the production of radioactivity in large 
quantities in the fission process—both in the operation of nuclear re- 
actors and in the detonation of nuclear weapons. The movement of 
the debris from nuclear weapons has been traced from the time of 
formation until it is deposited on the surface of the earth. 

We are now entering a discussion of the processes by which fallout 
deposited on the surface of the earth enters the human food chain, 
either as the result of direct deposition on the surface of vegetation 
or in the normal uptake of the various chemical elements by vegeta- 
tion from the soil. In these hearings, our principal interest in con- 
sidering the movement of radioactivity from nuclear weapons through 
the human food chain is that of relating quantities of fallout to pos- 
sible radiation effects in humans. 

However, in the event of nuclear warfare, as evident from the dis- 
cussion this morning, we will be interested also in the possible de- 
struction of animal life, particularly of those animals which repre- 
sent a major source of food to surviving members of the population. 

In the case of local fallout, Dr. Dunning has discussed faetors 
which relate the fallout to levels of radiation from fission products 
on the ground and some of the factors which determine the sizes of 
the doses of radiation which may be received by persons in areas of 
local fallout. 

In this connection, he has observed that, during early periods of 
time after the fission products are produced, the principal hazard to 
man to be anticipated from exposure to fallout is from radiation 
originating in radioactive materials outside the body. 

Both our knowledge of the extent to which fallout materials may 
be expected to enter the body by inhalation and ingestion, and observa- 
tions of actual human uptake of radioactive materials under condi- 
tions of heavy local fallout, indicate that for weeks and, perhaps 
months, after the detonation of a nuclear weapon, the inhalation and 
ingestion of fallout material will be less important than radiation 
from fallout in the immediate vicinity outside the body. The length 
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of time for which this might continue to be true under conditions of 
actual warfare would depend upon such factors as the protection 
against external radiation afforded by shelter, upon precautions taken 
to avoid dust in air used for breathing, and upon sources of food and 
water. 

At this point I would like to depart from my prepared text and 
discuss in a little more detail the considerations here. 

In the inhalation of radioactive material we are interested in radia- 
tion exposure to the lungs from material which may be introduced 
into the lungs and remain there for some length of time. We are 
interested in radiation to the gastrointestinal system from materials 
which are brought up from the lungs by normal physiological actions, 
swallowed, and passed down through the gastrointestinal system. 

In this connection we are particularly interested in the Jarge in- 
testine, since, as the material goes down, we have progressive concen- 
tration of radioactive material in the material in which it is con- 
tained. This results from removal of water from the feces as they 
pass through the colon. 

A second interest which does not depend upon the gross activity of 
the material which is swallowed but upon the activity of specific 
radioisotopes contained in this, is the concentration of radioiodine 
in the thyroid and the consequent irradiation of the thyroid. 

This is of particular interest because the thyroid is a very small 
organ. It is an organ of 20 grams, which is somewhat less than an 
ounce. While the amount of radioactive material which enters the 
thyroid is not large, the radiation dose due to the relatively high con- 
centration is comparable to that which would be experienced by the 
lungs and that which would be experienced by the large intestine. 
These are all doses which at times for a week or so after the detonation 
are perhaps of the order of 10 percent of the dose which one would 
expect to receive from outsidethe body... 

In this connection, if I may, Mr. Chairman, I would like to discuss 
a little bit farther the question which was raised in Dr. Dunning’s 
discussion this morning about the comparative hazards due to radia- 
tion from radioactive materials within the body and radioactive ma- 
terials outside of the body. 

We have no reason to think that any tissue of the body recognizes 
whether or not the radiation which passes through it comes from 
within the body or from outside the body. Our interest in making 
these comparisons is simply in comparing radiological doses to the 
various tissues. 

Perhaps I should go back and explain more precisely the two types 
of quantities in which we are interested. 

In speaking of irradiation of the body, our primary interest is in 
the absorption of energy of radiation by the tissue itself. This, of 
course, is related to the amount of radioactive material from which 
the radiation is emitted. If we take radioactive material into the 
body, as I believe you pointed out this morning, it is concentrated 
in various tissues of the body. I have mentioned the case of con- 
centration of radioiodine in the thyroid. We will discuss at consid- 
erable length during the hearings the next day and a half the con- 
centration of strontium in the skeleton. These are all normal phys- 
iological processes. 
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When we speak of a dose of 1 roentgen, as in the case of X, or 
gamma radiation to a tissue of the body, we are not talking about the 
amount, the total amount, of energy that is absorbed by the body, but 
we are talking about an intensity of absorption—an absorption per 
unit of mass. So when a body is subject to a whole body dose of 
1 roentgen, we mean that each portion of the body also receives 1 
roentgen of radiation. If I expose 1 finger to 1 roentgen, that applies 
to the finger only. If I expose 2 fingers to 1 roentgen, each finger gets 
as much as before. We are not dividing the dose between the tissues 
but we are talking about the intensity of the dose to the tissue. I 
think this may have been a point of confusion this morning. 

Representative Hoxirretp. I am glad you cleared it up. Let me 
further try to clarify it in my own mind. Does the 1 roentgen have 
a different effect on different organs, tissues, or skeleton of the body? 

Dr. Western. I would like to say at this point that those of us ihe 
discuss these subjects come from many different disciplines of science. 
I personally am a physicist. I might say that up until this point 
practically all of the people who have spoken are from the physical 
sciences—physicists, meterologists, and so on—and while all of us 
feel we know as much about medical effects as the next man on the 
street and like to talk about them, we hesitate at times to answer 
questions of this sort. 

I have, however, been spending the last 10 years in trying to under- 
stand the medical and biological points of view as well as the physical 
points of view in problems of this sort, and I will give you tentative 
answers to the biological problems which I am discussing with the 
reservation that as you go along you will check my answers against 
those of medical specialists who will appear later in particular con- 
nection with these questions. I give you the answer at this point only 
for your guidance in following the discussion. 

It is true that various tissues have various degrees of radiosensi- 
tivity. In this respect, our biomedical people will tell you that the 
blood-forming organs of the body are among the more sensitive. 
Perhaps there is no point in enumerating them at this time. Of the 
ones which I mentioned, the lungs and yee are generally consid- 
ered to be less sensitive than others. I might point out, and this is 
something which you can readily understand, that in talking about 
how serious a large radiation exposure is we are interested not only 
in the sensitivity of the organ but we are also interested in how vital 
the organ itself may be to the functions of the body. 

For example, a man can get along very well without a thyroid. If 
his thyroid is completely ablated by radiation, he can still under 
normal conditions at least proceed to get along fairly normally with 
daily administration of dessicated thyroid or thyroxin. However, 
this may or may not be true after a nuclear war. Persons with in- 
adequate thyroids would be in serious difficulty if they had no way 
of supplying the deficiency. 

On the other hand, bone cancer has a high probability of being 
fatal. So when we are talking about the relative hazards due to radi- 
ation, we are interested not only in sensitivity of tissue, but we are 
also interested in the functions of the organ that is involved and the 
nature of the injury. 

Let me say very briefly, then, as Dr. Dunning was saying this 
morning, in measuring the relative hazard to various tissues of the 
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body, if we neglect for the moment differences in sensitivity we do 
get a rough measure by considering the total radiation dose that a 
particular tissue might get. 

Let me come back to the specific question that was asked this 
morning. 

If the whole body is given a dose of 100 roentgens, this means that 
the skeleton as well as other portions of the body receive the same 
dose. You will say I am oversimplifying the question because the 
dose cannot be uniform throughout the body, even from penetrating 
gamma radiation, because there is some absorption and the surface 
gets more dose than the skeleton does, and so on, so when we talk about 
a uniform dose of 100 roentgens this is, in effect, an idealization. But 
nevertheless it conveys a concept. 

If the skeleton only receives 100 roentgens from material within the 
skeleton, this is the same dose to the skeleton as before as far as the 
physical factors are concerned. From the biological point of view, 
one may say that the impact on the body is somewhat less than it would 
have been in the first case because it is perhaps better for only the 
skeleton to have received the dose than fo r the whole body to have 
received the dose. 

There are other differences, however, which biologists may discuss. 
The question arises as to whether or not the biological effects of a cer- 
tain amount of energy absorbed from beta radiation are exactly the 

same as those from the same amount of energy absorbed from gamma 
radiation outside of the body. This is the relationship to w hich Doc- 
tor Mills referred yesterday as the relative biological effectiveness of 
various amounts ake adiation. We may say in this case we are talking 
about finer points. Let me say, for example, without making an au- 
thoritative statement, that the differences we are talking about are 
less than would be represented by a factor of 2. I would say consider- 
ably less, but I am just trying to give an order of magnitude here. 

You asked also this mor ning about the relationship of a sunshine 
unit to dose to the skeleton. The statement which I am going to give 
you is taken from a study made by the National Academy of Science 
in their report, “The Biological Effects of Radiation,” which they 
issued last year and with which you are familiar. There it was esti- 
mated that the radiation dose from 100 sunshine units in the body is 
equivalent to a lifetime dose of approximately 20 rep. The energy 
absorption from this dose is equivalent to that from 20 roentgens. 

When we are talking about sunshine units in the body, we are talking 
about a ratio of strontium to calcium. If I may use the units, 1 sun- 
shine unit equals 1 micro-microcurie of strontium 90 per gram of cal- 
cium in the skeleton. By 1 micro-microcurie I mean one-millionth of 
one-millionths of 1 curie. I think the curie was defined for you yester- 
day as 3.7 time 10 to the 10th disintegration per second of radioactivity. 
We are not talking about how much radioactivity is in the body. We 
are talking about how much strontium 90 is maintained in the skeleton 
at a uniform concentration for a lifetime when we make this com- 
parison. 

I should say further for clarification that we are not really interested 
in the fact that the material is in the body. As I will point out later, 
strontium itself is a natural constituent of the body. We have in the 
body something of the order of seven-tenth of a gram of strontium 90. 
When we are talking about a sunshine unit, for example, I am not ina 
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very good position to tell you how much we mean compared to seven- 
tenths of a gram. If I were to start dividing this up into smaller 
and smaller fractions I would have to take about one-hundredth of one- 
millionth of one-millionth of a gram of Sr 90 in order to describe a 
sunshine unit. This is a very small number. We are talking about 
quantities of material which in themselves are far to small to be of 
importance to the issue. We are interested only in the fact that the 
atom emits radiation which is absorbed in the tissues. 

I would like to discuss also another portion of your question this 
morning. You asked, does not the fact that this is stretched out over 
a lifetime mean that it is more hazardous than if this all occurred at 
onetime? This is a question to which we can’t give an answer We are 
talking about a radiation dose which may be received over a lifetime. 
At the very low doses in which we are interested here we are not in a 
position to say whether or not it makes any difference to the individual 
whether the dose is received in a very short period of time by the tissue 
or whether it is spread out over a very long time. We do for acute 
effects, as was discussed this morning, observe tissue repair. At the 
levels we are discussing now we cannot say whether the dose is more 
hazardous or less hazardous if it is given in a short period of time. 

Returning to the remarks I have prepared : 

After longer periods of times, months or years, hazards which may 
be presented by the residual radioactivity contained in the fallout are 

wrimarily due to fission products which may be taken into the body 
fy inhalation or by ingestion. This change in relative hazard of 
fallout inside and outside of the body follows from changes in the 
composition of the residual radioactivity with time. In the present 
discussion, I shall review briefly some of the physical, chemical, and 
biological factors which determine the relative imporatnce of the 
various radioactive materials produced by nuclear weapons and the 
various conditions under which one may be more important than 
another. 

I apologize to you for the repetition contined in these next two pages, 
but I will go ahead and read them because they do summarize some of 
the things we have been discussing earlier. 

If we examine the atoms of the chemical elements, as they exist in 
nature, we find that in some cases the atoms of a particular chemical 
element are all identieal. In other cases, the atoms of particular ele- 
ments can be classified into two or different groups on the basis of 
differences in the weight or mass of the atoms. 

Most of the chemical elements have nonradioactive atoms of at least 
2 different weights, and some have as many as 7 or 8. The atoms in 
a particular weight group are said to be an isotope of the chemical 
element. The literal meaning of the word “isotope” is “in the same 
place.” It is used to express the idea that the atoms are different but 
occupy the same place in the periodic chart of chemical elements. 

An example of some of the isotopic and chemical properties of inter- 
est ina a of fallout is afforded by the chemical element, strontium. 
Although strontium occurs throughout nature, and was discovered 
more than 150 years ago, until a few years ago it was perhaps best 
known as the chemical element used to produce a brilliant red color in 
fireworks. Aside from this, its principal use has been in the refining 
of beet sugar. The normal quantity of strontium in the skeleton is 
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about 0.7 grams, about 0.1 percent of the calcium content of the 
skeleton. 

As strontium occurs in nature, it consists of four isotopes, strontium 
84, strontium 86, strontium 87, and strontium 88. The numbers used 
to designate these isotopes indicate the approximate weights of the 
atoms in the various groups relative to the lightest atom in nature, 
that of the common isotope of hydrogen, H-1. In other words, the 
mass of an atom of strontium 88 is 88 times that of an atom of hydro- 
gen 1. The atoms of all of these isotopes are stable; that is, not radio- 
active. 

The half-dozen isotopes of strontium resulting from nuclear fission 
are all unstable or radioactive. All of them undergo radioactive trans- 
formation into isotopes of the chemical element, yttrium. This proc- 
ess of radioactive transformation is usually referred to as radioactive 
decay, and the atoms resulting from the transformation are called 
decay products. Three of the radioisotopes of strontium 90 resulting 
from fission decay so rapidly that, in a fallout situation, they will have 
become isotopes of yttrium before the fallout reaches the vicinity of 
personnel and are consequently of no interest here. Our interest in the 
isotopes of yttrium into which they decay depends upon whether or 
not the atoms of these isotopes are radioactive and upon other factors 
considered later in this discussion. 

The atoms of a particular isotope decay at such a rate that a definite 
fraction of the total number of atoms will undergo transformation in 
a specified period of time. The time required for half of the atoms of 
a radioisotope to undergo radioactive transformation is called the 
radioactive half-life of that isotope. Radioactive half-lives may vary 
greatly from one radioisotope to another. Here I am speaking of 
radioisotopes in fallout or in the original fission product produced by 
the bomb—some are as short as a fraction of a second, and some are 
as long as millions of years. 

Even though one cannot say just when the last atom of a particular 
quantity of a radioisotope will be transformed into an atom of an- 
other, the large number of atoms involved in any measurable quan- 
tity of a radioisotope does make it possible to state the average life- 
time of the total number of these atoms. In each case, the average 
lifetime of the atoms is approximately 1.4 times their half life. This 
relationship has led to confusion from time to time because sometimes 
we speak of half lives and sometimes we speak of average lifetimes. 
Unless one distinguishes between the two there is an apparent dis- 
crepancy of this factor of 1.4. 

Similar language is frequently used in discussing such matters as 
the length of time which the atoms of a particular chemical element 
may be retained in the human body, or the length of time which the 
debris from a high-yield nuclear weapon may be retained in the 
stratosphere. For example, it is sometimes said that the half life 
of strontium in the human skeleton is several years. Here I am 
talking of a number of the order of perhaps 7, 8, or 9 years. I pre- 
fer not to state it more precisely than that. This concept of a half 
time is valid only to the extent that the process to which it is applied 
involves a rate of decrease proportional to the quantity present. In 
the case of strontium and calcium in the skeleton, while it appears 
that this may not be strictly true, use of the term half life or half 
time gives a rough idea of the quantitative relationships involved. 
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Returning to a consideration of the relative hazards of the radio- 
isotopes of strontium, we observe that strontium 91 has a half life of 
10 hours, strontium 89 a half life of 53 days, and strontium 90 a half 
life of 28 years. About as many atoms of one as of another are pro- 
duced in fission. For example, in a nuclear reactor, about 5 percent 
of the fissions give rise to strontium 89, 5 percent to strontium 90, and 
5 percent to strontium 91. . 

In giving these numbers let me say I am using very roughly ap- 
roximate numbers. These numbers may vary from about 5 to 6. 
n fission processes that involve different energies of neutrons and 

different fissionable materials, there is also some variation. So these 
numbers are sufficiently accurate for purposes of this illustration. 

In a nuclear weapon the fractions are generally not greatly differ- 
ent. If we were to introduce large quantities of these radioisotopes 
into the human body in the relative proportions in which they are pro- 
duced in fission, the strontium 90 weal be the least hazardous of the 
three, and strontium 91 which is seldom mentioned in connection with 
fallout, would be the most hazardous. I will put it on this basis: 
I have as many atoms of strontium 91 as I have of strontium 89 or 
strontium 90. The atoms of strontium 91 would decay with a half 
life of 10 hours, or the average time they would spend in the body 
would be about 14 hours. These atoms would deliver to the skeleton 
after deposition—deposition would take place within a matter of an 
hour or two—all of their energy of disintegration in a relatively short 
time. Half of it would have been delivered after about 10 hours. 

On the other hand, the atoms of strontium 90 would remain in the 
body until they either underwent radioactive decay or until they were 
eliminated by natural processes. These processes are both very slow 
but perhaps a third or more of the atoms would be eliminated before 
they decayed at all. 

So the total dose delivered to the skeleton by the strontium 91 would 
be larger than the total dose delivered to the skeleton by strontium 90. 

There are other differences which I will not discuss in detail. Stron- 
tium 91 has a somewhat more energetic beta ray than strontium 90, 
although it is comparable. Strontium 91 is also a gamma emitter, 
whereas strontium 90 is not. In addition to the dose delivered to the 
skeleton, strontium 91 would also deliver a sizable dose to the gonads, 
to the blood-forming organs, and other tissues of the body. 

However, in an actual fallout situation, the strontium 91 is of 
interest only for a day or so, and then primarily because of the contri- 
bution which the gamma radiation it emits makes to the total radia- 
tion emitted by radioactive materials outside the body. By the end of 
3 days, 99 percent of the atoms of strontium 91 will have decayed into 
yttrium 91, Yttrium 91 is also radioactive, but the chemical prop- 
erties of yttrium are such that a much smaller fraction of its atoms 
enters the human body and a still smaller fraction is retained in the 
body. I say “enter” here in the sense of being absorbed into the body 
in the case of inhalation or in the case of ingestion. Yttrium, if in- 
gested would pass readily through the gastrointestinal system with a 
much smaller uptake by the digestive processes than of strontium 90. 

Similar considerations apply in comparing the relative hazards due 
to strontium 89 and strontium 90. In a local fallout situation, for sev- 
eral weeks after fallout the strontium 89 would constitute a hazard 
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equal to or greater than that of the strontium 90. This would be true 
either for the inhalation of fallout or for the ingestion of fallout re- 
tained on surfaces of vegetation or as an impurity in other sources of 
food and in water. By the end of about 6 months there is less than 10 
percent as many atoms of strontium 89 as of strontium 90, and the 
relative hazard is correspondingly small. 

In the case of long-range fallout, following the storage of bomb 
debris in the stratosphere, it is clear that our interest is in radioiso- 
topes of which the half lives are measured in years rather than in days. 
Under these conditions, strontium 89 is, of course, of no concern. 

Before entering into a more detailed discussion of relative physical 
and chemical characteristics, I would like to make it clear that our 
ultimate interest in the atoms of any particular radioisotope depends 
only on the radiation dose which they can give to the body. It is 
meaningless to say that one radioactive material is more hazardous 
than another except as, under a specific set of conditions, it can deliver 
a larger radiation dose to the same part of the body or a comparable 
dose to a more critical part of the body. For example, if we are con- 
sidering the biological effects of beta emitting material uniformly dis- 
persed through the mineral structure of the skeleton, we are not spe- 
cifically interested in whether a given quantity of radiation is emitted 
by a radioisotope of barium, or of calcium, or of phosphorous, or of 
strontium, or of some other element of which the chemical properties 
are not inconsistent with the concept of uniform dispersal in the bone. 
We have every reason to believe that under such a condition, the bio- 
logical effects produced by a given concentration of strontium 90 in 
the bone ouakt be no greater or no less than those produced by that 
concentration of calcium 45 required to give the same dose of radiation 
to the bone. 

After an oversimplified statement of this sort, I realize that I am 
subject to an argument which is not a primary argument in considera- 
tions of this sort. But because it illustrates a point which I would like 
to make, I will give the argument here. 

We are talking here about radiation of the bone—beta radiation— 
from two different isotopes. When I speak of quantity of radiation I 
am speaking primarily of the amount of energy absorbed by the bone— 
the amount of energy which goes into ionization of the tissues of the 
bone—and consequently of the number of ions that may be formed ina 
tissue. 

As a second order effect, it is true that one can detect very small dif- 
ferences under some circumstances between the biological effects of 
one beta particle which produces a certain density of ionization, and 
another which produces a slightly different density of ionization. 
The average density of ionization depends upon the average speed 
with which the beta particle moves through the tissue and that in turn 
depends on the initial energy of the particle. 

I am making an oversimplified statement. I can be challenged on 
the statement. 

This gives rise to the impression that I do not know what I am talk- 
ing about. I had written a qualifying statement of this sort in the 
discussion. It was suggested that the idea is too complex to put into a 
discussion of this sort, and so I left it out. But in view of the nature 


of the things upon which people generally agree in a discussion of this 
sort, and the nature of differences of opinion, I do believe it is valuable 
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at this time to point out that in discussing a problem as complex as the 
one which is being discussed here in these next 2 or 3 weeks, that one 
must consider the importance of areas of agreement and areas of 
disagreement. 

I am sorry that Senator Anderson is not present. Senator Ander- 
son in the opening session asked about opinions of scientists which are 
diametrically opposite. So far as I know, in this field there are no 
opinions of scientists which are diametrically opposite. We disagree 
on many things. If we stop to analyze the areas of disagreement in 
general they are secondary issues. I think, if I might use a very 
homely illustration, I am reminded of a couple of men determining 
whether or not they would prefer to own a Cadillac or a Chrysler. 
The man who wants the Chrysler would say, “Look at those beautiful 
fins!” The man who owns the Cadillac has some beauty, too. But 
the men who owns the Chrysler can point out that the Chrysler Corp. 
has mentioned recently that at 90 miles an hour these fins give a cer- 
tain amount of road stability. These people have diametrically op- 
posite ideas about these automobiles, but I think both would agree that 
both the Chrysler and the Cadillac are good automobiles. 

So when we talk about disagreement, I think we have to look at the 
manner in which the disagreement arises and consider whether or not 
the scientists who are disagreeing are disagreeing on their pet theories 
or whether they actually have fundamental disagreements as far as the 
overall picture is concerned. 

Chairman DurHam. What you are saying today, doctor, was true a 
thousand years ago in physics. 

Dr. Western. Yes. I am not speaking as a scientist here at all. 
This is commonsense. 

Chairman Duruam. You certainly talk like one. 

What I was trying to point out is that the disagreement is no greater 
than it was a thousand years ago in theoretical physics. 

Dr. Western. No. One does not need to go very far in history to 
find disagreements of a similar nature. You will recall, Mr. Durham, 
I know, that it has not been very many hundreds of years ago since 
_ felt it was extremely dangerous to sleep with the windows open. 

‘ou may remember in much more recent history there were people 
who wanted to outlaw bathtubs for certain reasons. You can think 
of a great many instances in history in which we have had these very 
serious disagreements. 

Chairman Durnam. I was not taught strontium-emitting rays when 
I was dispensing drugs over the drug counter. 

Dr. Western. Yes; you undoubtedly dispensed uranium over the 
drug counter, too. 

Chairman Durnam. Yes. 

Dr. Western. We will pass on. 

Chairman Durnam. Yes. 

Dr. Western. Our interest in general fallout, as distinguished from 
local fallout, originated in an effort to evaluate hazards to general 
populations as a result of large-scale nuclear warfare. 

I would like to say at this point that we were interested in this 
problem several years ago. My first connection with this problem 
was when I came with the Atomic Energy Commission in 1951. But 
there were already studies underway preceding that by at least 2 
years which had indicated very generally the sort of thing which I am 
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discussing today. The studies had not gone nearly as far as we have 
carried them in the last 5 years, but they had outlined the general 
principles involved here. . 

With the important exception that vastly greater quantities of fall- 
out would be involved and the hazards would consequenlty be vastly 
greater, conditions of fallout on noncombatant populations in warfare 
would be very similar to the general fallout from testing of nuclear 
weapons. 

Under these conditions, we are interested in conditions in which 
the longer lived radioisotopes from fallout are present in the soil and 
‘on vegetation and, in varying concentrations, in food, water, and air. 

Depending upon their respective chemical properties, quantities of 
the various sddidedtithe isotopes in the soil will enter the normal 
metabolic processes of vegetation, and quantities of the various radio- 
isotopes in or on vegetation will enter into the normal metabolic proc- 
esses of animals and humans. In this respect, it should be observed 
that plants and animals do not distinguish between radioactive iso- 
topes and nonradioactive isotopes of the same chemical element. Some 
of the biochemical factors involved will be illustrated by discussion of 
strontium as an example. 

In this connection of not distinguishing between radioactive and 
nonradioactive isotopes I would like to mention some misconceptions 
which have scan in popular statements during the past year or 
two. There is a feeling, for example, that some of the tissues of the 
body have the property of concentrating radioactive materials. These 
properties of which we are speaking are natural properties of the 
tissues. 

Of course, the skeleton concentrates calcium, and because of the sim- 
ilarity between strontium and calcium, of course, the skeleton concen- 
trates strontium. If the strontium and calcium contain some radio- 
active strontium, that of course would be concentrated to the same 
degree. At least the radioactive strontium will be concentrated to 
the same degree as the nonradioactive strontium in the skeleton. 

Chairman Duruam. Do you care, Doctor, to say what in your 
opinion creates that affinity ? 

Dr. Western. It is not an affinity. The question is more funda- 
mental than that. Why is calcium an essential constituent of the 
human body or the plant? It is one of the essential biological con- 
stituents. If we admit the human having a skeleton, it must be com- 
posed of certain minerals. The only way that the skeleton can obtain 
these minerals is to concentrate calcium and phosphorous from the 
various sources of food and water that the animal takes in. 

In the case of strontium 90, the chemical properties of strontium, 
including strontium 90, are so nearly the same as those of calcium 
that one has difficulty in separating the two. The chemical properties 
are so nearly the same that the strontium atom can fit into the same 
position in the crystal structure of the bone as the calcium can. I 
believe this is also true of crystal structures in nature. If you look 
at a calcium compound in nature and in a natural crystal you will 
find here and there a strontium atom occupying a position which 
otherwise might have been occupied by a calcium atom. The apparent 
chemical affinity of the skeleton for strontium 90 is just a combina- 
tion of two facts: The essential need for calcium in the process of 
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building the bone and the fact that strontium is so closely similar 
to calcium chemically. 

There are other essential needs for calcium in the diet, as you know, 
but some of our biomedical people could discuss this problem at con- 
siderable length. 

In addition to radioisotopes of strontium, we may be interested in 
one or more of the several other radioisotopes, including iodine 131, 
barium 140, cerium 144, plutonium 239, and cesium 137. Considera- 
tion of the physical and biochemical properties of other radioisotopes 
in fallout makes it very evident that these radioisotopes are of much 
less interest than strontium 90 except for periods of less than a few 
months after they are produced. From a given detonation, the rela- 
tive number of atoms of a radioisotope entering the metabolic proc- 
esses of the body will depend upon the following factors: 

1. The relative number of atoms of the radioisotope formed in the 
fission process. The percentage of fissions giving rise, directly or 
indirectly to a particular radioisotope, is called the fission yield of 
that radioisotope. The fission yield of strontium 90 is about 3 percent 
or 4 percent. I used earlier a figure of 5 percent, but I did mention it 
varies from 1 process to another. It is somewhat less, I believe, in 
many of our nuclear weapons than it is in the reactor fission. This 
is due to several reasons. 

Chairman Durnam. The yield in the reactor process has a higher 
content of strontium 90? 

Dr. Western. Generally, yes, by a factor of less than 2. 

The highest fission yields are about 6 percent. 

That applies to, I believe, fairly well either the yields in a reactor 
or anuclear weapon. This is an order of magnitude. 

2. The principal method by which fallout enters the body is in 
the diet. Some fallout enters the diet as a result of retention on 
the surface of vegetation, without entering the soil. For example, a 
very little of the cesium 137 in the human diet is believed to come by 
way of the soil. I make this statement with some reservation. I 
believe this will be verified in the remarks which will be made either 
by Dr. Langham or Dr. Anderson tomorrow or Monday depending 
upon which day this is given. 

Most of it comes from meat and milk, as the result of retention on 
the vegetation eaten by the animal with some possible contribution 
from surface water used by animals. 

The extent to which any particular radioisotope will enter the diet, 
then, may depend upon several factors. Many radioisotopes, such as 
the rare earths and plutonium—the rare earths include yttrium, which 
we discussed earlier, and cerium 144 discussed in the first part of this 
ag igi taken up in comparatively small amounts from soil 

y plants; and also in small amounts by animals from the diet. Asa 
result, quantities ingested by humans are very small, and the quanti- 
ties assimilated by the human are still much smaller. 

Take the extreme example of plutonium. In the case of inhalation, 
it is considered perhaps one of the most hazardous of the elements 
with which we work. Perhaps a considerable fraction, several per- 
cent, of the plutonium inhaled, if it is inhaled in sufficiently small par- 
ticles, is retained in the lung for some time. It mav be dissolved in 
the blood stream and a fairly good fraction deposited in the skeleton. 
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But when we are talking about plutonium on the ground, as orders of 
magnitude, perhaps the ratio of uptake of plutonium as compared to 
strontium by plants from the soil is menting of the order of 1 to 
1,000 or 1 to 10,000. When the human or animal digests the food we 
have a similar ratio of about the same order of 1 to 1,000 or 1 to 10,000. 
So if we had equal portions or equal numbers of atoms, let me say, of 
plutonium and strontium 90 in the soil, we would get roughly about a 
million times as much strontium in the skeleton as we would 
plutonium. 

Chairman Duruam. But suppose that cow had a dose of strontium 
90—say 300 roentgens—and I drank the milk, then where do we go 
from there? Of course, it is a small amount we are talking about now 
that is assimilated into the digestion of the cow. Let us reverse it and 
give her a big dose. 

Dr. Western. What we are interested in is amounts which could be 
considered hazardous. I noted from the discussion this morning about 
fallout in milksheds and so on that there is a considerable amount of 
misunderstanding as to the importance of milk in determining the 
hazard of fallout to humans. As far as I am aware, people who get 
their calcium from milk are in at least as good a position as people 
who do not get their calcium from milk. This may be discussed in 
more detail by subsequent speakers. 

But since you raised the question, let me mention that the human has 
to have calcium to exist. If the human has no milk, he gets his calcium 
from other sources. He gets it from vegetation. If there is strontium 
accompanying the calcium—strontium 90—in the vegetation, he gets 
the strontium. He may not have as much per gram as from milk, but 
he will eat enough vegetation to supply his calcium needs. 

Following the process of uptake of strontium 90 through milk, the 
milk is in effect a barrier to the uptake of strontium 90. 

To some extent, at least in the animal, and possibly in the plant, 
there is what we call discrimination between strontium and calcium. 
We have indicated that strontium and calcium are very alike chemi- 
cally. We have also indicated that there are differences. I said it 
is difficult to separate calcium and strontium, but of course we can 
do it. We are talking here about two things which behave as they 
do because they are very much alike, but also have sufficient dif- 
ferences to behave differently. 

In carrying calcium and strontium from plant to the milk, the cow 
appears to discriminate against calcium by a factor—let me just give 
an order of magnitude and it may be larger or smaller—of 1. 
By this I mean to say that the ratio of strontium to calcium in milk 
is less—there is less strontium 90 or natural strontium, it doesn’t 
make any difference—per gram of calcium in the milk than there is 
in the food which the cow eats. 

Representative Horrrietp. Is that discrimination against the 
element or is it lack of availability of one element as compared to the 
other ? 

Dr. Western. No. Suppose we consider the natural food of the 
cow. Let us take an American example. Roughly in the vegetation 
which the cow eats there is perhaps 1 atom of strontium for 1,000 
atoms of calcium. Let us use larger numbers. Let us say 1,000 and 
1 million. The cow, however, secretes into the milk a smaller ratio 
of strontium-calcium. For each million atoms in the milk there may 
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be only of the order of 100 atoms of strontium rather than 1,000 
which one finds in the cow’s diet. So one is better off by drinking the 
milk than by eating the forage which the cow eats. Of course, one 
does not eat forage, but what I mean to say is that if you get your 
calcium from vegetation you do not have this barrier in between the 
vegetation and your own diet. 

Representative Horirietp. But by the same token when the child- 
ren and babies drink more milk than eat hay they get the strontium 
quicker, do they not? 

Dr. Western. I ought not to get into this type of discussion. 

Representative Hotiririp. Let us leave the detailed discussion 
until later on. 

Chairman Durnam. Are you saying, Doctor, in the process of the 
cow assimulating through ingestion and the machinery of producing 
milk that if she had a dose of 300 roentgens that would not necessarily 
mean that there would be 300 in the milk. 

Dr. WEstERN. We need to go back and talk about quantities of 
strontium 90 which in a cow would produce perhaps to the skeleton a 
radiation-dose equivalent to 300 roentgens. lon saying this. If one 
assumes, as a first order of magnitude, that the deposition of the stron- 
tium-calcium in the skeleton of the cow is the same as that of a 
human—this is only an approximation because I think one could 
expect, for example, that in a cow giving large quantities of milk one 
is going to get differences in the metabolism as compared to other 
animals—if one makes this assumption, then what I have said is equiv- 
alent to saying that if this amounts to a dose of about 300 roentgens in 
the skelton of a cow in a specified period of time it would amount to 
about one-tenth of that in the human who drinks the milk in the 
same length of time. This is because the cow is in effect shielding the 
person who drinks the milk from a certain amount of the strontium 
which he would have gotten if he obtained his calcium from vegetation 
instead of milk. This is a real effect. 

I oversimplified the thing again because I promised myself I would 
not get into these biological discussions and { have friends back here 
in the audience who are having fits back here because there is another 
factor which I have not considered and that is that the actual deposi- 
tion in the skeleton of strontium appears te depend upon whether you 
take it from milk or vegetation, This is something which I am neglect- 
ing altogether. 

et me disclaim any expertness in this field at the moment. I tried 
to give you a little bit of guidance as to what I mean. 

At least let us say that as far as the elements are concerned, the fact 
that the child drinks the milk does not constitute any greater hazard 
than if he got his strontium and calcium from other sources, and to my 
mind it constitutes a lesser hazard. The cow is actually a protection. 
i Chairman Duruam. I am assuming if the cow does not get a big 

ose. 

Dr. Western. Here we are talking about a matter of degree. Of 
course, when you start into a discussion of this sort you begin to say 
“if” Let us assume that what we are talking about is that the child 
is eating vegetation from the garden and that the cow is eating vegeta- 
tion from a pasture across the fence. So we have comparable situa- 
tions here. Then all we are talking about is what is the relative 
93299°—5T—pt. 133 
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hazard to the child of taking the calcium and strontium from the milk 
or from the vegetation. 

Representative Horirrep. The only thing I can draw from that, 
Doctor, to bring it down to a practical understanding of the layman is 
this. What you have said has amounted to this: The cow in eating 
the pasturage would retain a certain amount of strontium in her own 
skeleton, but that there would be a certain amount of it in the milk 
and it would be transferred into the diet of the infant. At the same 
time, if there was lettuce or radishes or things like that growing in 
the garden that had a direct deposit of strontium and the child ate 
that, it would get a bigger dose comparatively speaking by getting 
it direct without having it go through the process of the milk machine. 

Dr. Western. I think this is true. 

Representative Horirrerp. But nevertheless we cannot draw any 
comfort from the fact that children do drink a lot of milk and eat very 
few vegetables directly and therefore they would get the maximum 
amount of this material probably from milk because that is the major 
part of their diet at early ages, at least. 

Dr. WestEeRN. May I make another remark? 

Representative Hortrterp. Is that too oversimplified ? 

Dr. Western. May I make this remark which I think bears on your 
statement. This may be a little bit abstruse but I believe it is worth 
stating. 

When you say we cannot draw any comfort from this, let me say 
that the thing that we are interested in from the point of view of 
hazard to the individual is the amount of strontium 90 which we find 
in his skeleton. Let us consider a child—my own son for example, or 
my own daughter—who has a certain amount of strontium 90 in his 
skeleton. This is my primary consideration: How much does he have 
now? How much will he have? It makes very little difference to me, 
except as it enables me to predict in the future, how it got there. My 
fundamental interest is how much. I don’t draw comfort from the 
fact that he got it one way or from another, or I don’t say unfortunately 
this and this is true. We are relating a certain amount of strontium 
90 in the skeleton to a certain amount that has been produced in 
weapons tests. It is this relationship which is fundamental regard- 
less of the method. 

This is another case of the sort of thing which I mentioned earlier, 
it doesn’t make any difference whether two scientists disagree as to how 
it got there. The proof we are interested in the point of biological 
evaluation is that it is there. 

Representative Horrrietp. I recognize that. The only reason I have 
tried to simplify it was that I have known times before when state- 
ments were made and immediately in the press or some public utter- 
ance a statement was made iad on that, that we do not have to 
worry about milk because it has such a little amount of strontium 
in it compared to vegetables. I thought I was trying to bring it down 
toa practical matter of at least my understanding. 

Dr. Westrrn. I agree with you completely in that. In any case 
we are interested in the amounts which are getting into the skeleton of 
the human. 

Representative Horirrerp, You may proceed. 

Dr. Western. 3. Most of the radioisotopes resulting from fission 
are so unstable that by the time the fallout reaches the human they 
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have been largely transformed into stable isotopes, and are of little or 
no interest. 

4, Finally, the biological effect of a particular isotope will depend 
not only upon how much enters the body but upon the distribution and 
retention in the body. If it is concentrated in a relatively small por- 
tion of the body, the radiation energy absorbed by that portion will be 
correspondingly higher. ‘This is true, for example, in the case of radio- 
iodine in the thyroid which consists of only some 20 grams of tissue. 
Because of the small size of the thyroid, the amount of radioiodine 
needed to destroy the thyroid by radiation is relatively small. Ifa 
large fraction of the atoms of a radioisotope are eliminated from the 
body before they undergo radioactive transformation, the radiation 
dose is correspondingly smaller. This is true, for example, of cesium 
137, which has a half-life of 27 years but spends only about 200 days, on 
the average, in the body. 

A survey of the many radioisotopes produced by fiission discloses 
that under current fallout conditions, because of some combination of 
the factors just enumerated, relatively small fractions, compared to 
strontium 90 and cesium 137, can reach the body. If the elapsed time 
is much smaller, as in the case of local fallout, some of the shorter half- 
lived radioisotopes become more important, especially strontium 89, 
with a half life of 52 or 53 days; iodine 131 with a half life of 8 days; 
and barium 140, with a half life of 13 days. At still earlier times, 
iodine 133, with a half life of 22 hours, may contribute an appreciable 
fraction of the dose to the thyroid. However, under these conditions, 
both experience and theoretical studies indicate that the critical consid- 
eration is the exposure of the body to gamma radiation from fallout 
outside the body. 

The rare earths, such as cesium 144 and plutonium, are not only 
absorbed from the gastrointestinal tract of the animal and human 
to a much less extent than are iodine, strontium, and cesium, but their 
uptake by vegetation is very low. 

The biochemical behavior of cesium in the body is very similar to 
that of the relatively abundant chemical element, potassium. Perhaps 
as much as 50 percent of the cesium 137 in the diet is assimilated and 
distributed through the soft tissues of the body. The average length 
of retention in the human body is about 200 days. 

The evaluation of the relative importance of strontium 90 and 
cesium 137 is made difficult by the fact that the effects of exposure of 
the whole body to radiation, either from cesium within the body or 
from gamma-emitting materials outside the body, are different from 
the effects of exposure of the skeleton to the radiation from strontium 
90. In the case of whole-body exposure of a large population group 
to radiation, one is interested in the increase in the rate of genetic 
mutation as well as the possibility of an increase in the incidence of 
leukemia, while in the case of a radioactive material in the skeleton the 
principal consideration is the possibility of an increase in the incidence 
of bone cancer. One cannot expect to find very much agreement 
between various individuals as to the relative importance of these very 
different effects. ‘These questions are scheduled for discussion in these 
hearings at a later time. 

Representative Horirretp. Thank you very much, Dr. Western. 
You have given us quite a comprehensive comparison of the different 
radioactive isotopes which can be taken up by the body in this field, 
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at least, and I am sure this will add a great deal to our understanding 
of the importance of the different ones. 

I believe we have one question here. 

Tn the last paragraph in your discussion, in the comparison between 
radioactive particles being emitted within the body and outside of the 
body, there was no implication that strontium 90 is not associated 
with an increase of leukemia as well as bone cancer, was there ¢ 

Dr. Western. That is a question which should properly be asked 
later. It was my intent to imply, as a matter of guidance, that the 
effect which I would expect from strontium 90 would be bone cancer. 
The probability of leukemia would be, relatively, sufficiently small to 
be of no concern. This is a question that should be asked of the 
biomedical experts. 

Representative Horirretp. Thank you very much, Dr. Western. 

Our next witness will be Dr. Lyle Alexander from the Department 
of Agriculture. He will continue the discusston on delayed fallout 
and the behavior in geological and physical processes and the 
mechanisms by which delayed fallout enters into the biological proc- 
esses and reaches man. 


Dr. Alexander, we are happy to have you with us today. Will you 
proceed, please. 


STATEMENT OF DR. LYLE ALEXANDER, UNITED STATES 
DEPARTMENT OF AGRICULTURE ?* 


Dr. Atexanver. Thank you, sir. 
Representative Horirrecp. Are you making this presentation on 
behalf of yourself, Mr. Reitemeier, and Mr. Seymour? 


2 Born at Athens, Tex., in December 1903. Received the B. S. degree from the University 
of Arkansas in 1928S. That same summer he joined the U. S. Department of Agriculture 
(Bureau of Chemistry and Soils) as a junior soil physicist. He completed the Ph. D. (in 
chemistry) at the University of Maryland in 1935 while continuing laboratory research 
in the Department. Researches in soil science became increasingly broad and significant 
in both the laboratory and in the field. He was steadily advanced to research positions of 
greater responsibility. In 1988 he represented the Department at an important inter- 
national conference on soil chemistry in Finland. After 1945 he had responsibility both 
for the basic soil research in the Division of Soils, Fertilizers, and Irrigation, and for the 
service and research laboratories of the Division of Soil Survey of the Bureau of Plant 
Industry, Soils, and Agricultural Engineering. He continued, however, highly significant 
ersonal research in soil science, including pioneer work on the use of radioactive isotopes. 
n 1951 he headed a successful international mission of scientists, under the auspices of 
the OEEC of the ECA, for the detailed study of laterite formation in the soils of Africa. 
His responsibilities for cooperative work with the Atomic Energy Commission increased, 
In 1950 he received the Superior Service Award from the Department. 

Near the end of 1952, the Soil Survey was transferred to the Soil Conservation Service 
and he continued as Chief of the Soil Survey laboratories and as the Department's prin- 
cipal scientific Maison with the AEC. Except for broad project planning, others took over 
the details of the work on radioactive isotopes in what is now the Soil and Water Con- 
servation Researeh Branch of ARS, while he gave increased attention to highly classified 
research for the Atomic Energy Commission. An important phase of this included re- 
searches dealing with the effects of radioactive fallout following bomb explosions, which 
have required many overseas study missions and field researches. 

Besides these researches, he strengthened and reorganized the Soil Survey laboratories 
to serve the expanded soil survey program in the Soil Conservation Service. He has 
greatly improved the methods for measuring soil permeability and especially for inter- 
preting the results. He is giving a valuable counsel to the leaders within the 
Service on all phases of soil chemistry and plant nutrition that relate to soil use and 
conservation. In 1954 he was advanced to his present position as soil scientist, GS-14. 

Member and leader in many scientific societies, including the Sigma Xi, the American 
Chemical Society, the Soil Science Society of America, the American Society of Agronomy, 
of which he is a fellow, and the International Society of Soil Science, of which he is an 
officer. Vigorously applied his unusual gifts for sustained, arduous sfudy—in the labora- 
tory, in the field, and in the library—to highly difficult and complex scientific problems. 
He cooperates easily and effectively with other scientists in his own and related fields, and 
with nonscientists as well. He has an exceptionally deep sense of his responsibilities as 
a scientist, as a research administrator, and as a public servant. As a result, he not 
only carries along and finishes an enormous amount of work of the highest quality person- 
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Dr. ALEXANDER. Yes, sir. We will cover the rest of your No. VIII 
in your outline, except for that portion to be covered by Dr. Revelle. 

dn behalf of Dr. etivensias and Dr. Seymour, I wish to express 
my appreciation for the opportunity of discussing some of these 
questions involved in radioactive fallout with your committee. 


DEPOSITION AND MIGRATION IN SOIL AND TRANSPORT BY SURFACE WATERS 


The chemical and physical properties of strontium are closely re- 
lated to, but systematically different, from those of the essential plant 
growth element calcium. Hence, a consideration of the fate of the 
fission product strontium 90 in the earth’s geochemical and physical 
processes becomes a study of the behavior of calcium and the degree 
to which the heavier strontium ion may lag behind its lighter counter- 

part. 
In a similar manner, the behavior of cesium 137 is related to that of 
the quite common essential plant growth element potassium, which 
has a naturally radioactive isotope, potassium 40. The rare earths, 
on the other hand, have no vital role to play in the nutrition of plants 
or animals, so far as we know. Since strontium 90, cesium 137, and 
the rare earths comprise nearly all of the long half-life fission prod- 
ucts that might be of concern to man, a consideration of their behavior 
and that of the fissionable element plutonium will give the picture of 
the longtime fallout problem. : 

Calcium in the soil occurs in two forms. The important one to 
plants and to animal and human nutrition is the fraction that is at- 
tached to the surfaces of soil organic matter or humus and of the clay 
particles of the soil. This is the so-called exchangeable calcium or 
fraction that can be replaced by other positively charged ions. It is 
this fraction that gets into man’s foodstuffs through plant and animal 
systems. The other fraction of the soil calcium is found in relatively 
insoluble minerals and is not of immediate importance to us. 

Strontium 90 that has fallen at considerable distances from bomb 
bursts has been mostly water soluble or has become soluble on con- 
tact with most soils. The strontium 90 ions in solution immediately 
react with the exchange complex of the soil. Asa result the strontium 
90 is attached to the soil in such fashion that it cannot be readily 
leached by water but can be taken up by the plant. The newly at- 








ally, but also stimulates and helps others to work more effectively throughout the Federal 
Government and in other research institutes. He is in great demand from many agencies 
as a counselor in several scientific areas. Outstanding contributions have been so many 
that only a few of the principal ones can be outlined. 

A so-called radioactive growth stimulant being offered to farmers was thoroughly tested 
by Dr. Alexander in a large group of experiments having unusually precise control on 
several kinds of soil. By proving the materiai valueless and by promulgating the results 
(against great pressure) he protected American farmers from a highly active promotional 
scheme. 

Dr. Alexander organized a very fruitful basic research program on the use of radioactive 
materials in research dealing with soils and plant nutrition, conducted jointly by the 
Department and the Atomic Energy Commission. He gave immediate leadership to the 
work for about 5 years. During this time elaborate scientific laboratories, greenhouses, and 
equipment were developed and installed. Ways were found for using and for measurin 
precisely levels of phosphorus, potassium, and several other nutrient elements in soils anc 
plants. These methods are now widely used in many research institutes throughout the 
world and have been critically important to the solution of many heretofore unsolved 
problems of great significance in soil fertility. 

Recently Dr. Alexander has been studying the distribution of radioactive fallout from 
nuclear explosions. This has involved an unusual combination of detailed knowledge of 
the chemistry and radioactivity of a whole group of elements, including especially 
strontium, calcium, and cobalt; of the morphology, chemistry, and distribution of s i's; 
and of the chemical relations between soils and growing plants under different conditions. 
(Submitted by U. 8. Department of Agriculture.) 
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tached strontium 90 ions become a part of a reservoir of calcium and 
strontium ions that are almost alike to the plant—not necessarily iden- 
tical but certainly similar. 

If the strontium 90 becomes a part of a large pool of exchangeable 
calcium and strontium ions, the fraction of it taken up by a plant 
root is less than if it becomes a part of a small number of ions from 
which the plant may draw its nutrients. We know of no mechanism 
by which these exchangeable calcium and strontium ions of the soil 
can become fixed in a form unavailable to plants. The addition of 
calcium ions to acid soil increases the size of the pool of calcium and 
strontium and hence decreases the number of the strontium 90 ions 
taken up by the plants. This is the basis for methods that have been 
suggested for decreasing strontium 90 uptake by liberal use of lime on 
acid soils. At best, these methods may reduce the uptake of strontium 
90 by a fewfold. 

Calcium and strontium do not readily move downward in the soil 
by leaching with rainwater. When the water carries appreciable quan- 
ties of calcium or hydrogen ions, strontium 90 does indeed move down- 
ward but the rate of movement is slow. It is impractical to move 
strontium 90 from the root zone of our crop plants by a leaching 
process. 

Representative Hortrietp. The point you are making there is that 
once strontium 90 is deposited on our soil where plants and vegetables 
are grown, that it is very hard to leach it and get rid of it? 

Dr. ALExANDER. Yes, sir. I will mention later some of the tillage 
practices that will minimize the effect. But it is there and it is difii- 
cult to get it out. You can’t expect rainwater to leach it out. 

Cesium and potassium differ materially from strontium and cal- 
cium in their chemical behavior in the soil. In addition to the cate- 
gories of available and mineral latice ions attributed to strontium and 
calcium in the soil, there is a third condition or state that falls be- 
tween these two so far as the plants are concerned. In this condition 
the cesium and potassium ions are neither readily available to plants 
nor are they completely inaccessible to them. Depending on the level 
of potassium in the exchangeable form, some of these ions may be- 
come available to the plant. In soils containing certain types of 
silt or clay particles, the potassium may become a part of a mineral in 
which it is unavailable to plants and cannot be leached from the soil. 
While we do not know as much as we would like to know about the be- 
havior of cesium in soils, it seems reasonable that it would be more 
tightly held than the potassium. And this does indeed seem to be the 
case. Plants take up but little cesium from the soil and it is diffi- 
cult to remove it from the soil by replacement with another ion. 

It would appear, then, that cesium 137 falling on the soil in amounts 
equal to the strontium 90 will be a lesser constituent in the plants that 
are used by man and animals for food and feed. 

The rare earths and plutonium are so tightly held by soil and so 
little taken up by plants that they will be of slight or no concern to 
man or animals by entry through roots. It has been shown that some 
plants—particularly trees—can take up and differentiate between 
some of the rare earths. However, the total amounts involved are so 
small that they are of no importance in the fallout problem. 

If we accept rainfall as the principal agent for depositing fission 
products on the earth’s surface, one conclusion is that the deposition 
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in a given area is uniform—it falls on the just and the unjust alike. 
Since soil movement is one of the main processes by which the land 
is formed, and man accelerates this movement by cultivating and 
overgrazing the soil, it is inevitable that at of the fallout deposited 
in many areas will be moved into lower lying positions. These soils 
formed at the foot of slopes and in stream bottoms may accumulate 
larger amounts of fission products than fell on them directly. In the 
case of thin sheet erosion and subsequent deposition in a lower lying 
yosition, the concentration could be many times as high as the area 
hes received on the average through direct fallout. As pointed out 
above, the elements with which we are concerned are rather tightly 
held by the soil, and where the soil goes, they go. For the same rea- 
son, water that has moved through the soil will have had most of its 
long-lived radioactive contamination removed, 

On the other hand, fission products in water might move through 
relatively large underground channels in rocks “or considerable dis- 
tances before they were absorbed in the channel walls. For example, 
as at Arco. Inland lakes that have no exits must accumulate fission 
products to the extent that these are carried in the water and sedi- 
ments of the entering streams. Because of the low content of fission 
products in the irrigation water the amounts entering the Salton Sea 
at the present time are very small. 

While the downward movement of long half-life fission products 
that we are discussing is slow, there are differences in rate of move- 
ment that reflect the capacity of the soil to hold such elements in the 
ionic state. Sandy soils, for example, will generally have deeper 
penetration of strontium 90 than will the finer textured silt loams 
and clays. Mechanisms for penetration of fallout into soil below the 
surface few inches are the earth mixing due to earthworms and the 
development of large cracks in some soils during dry weather. When 
the rains come, surface-soil material flows into the cracks and carries 
the surface-deposited strontium or cesium downward. In most of 
our soils that have not been cultivated since 1953, the bulk of the 
strontium 90—say 75 percent—is found in the upper 2 inches of soil. 

The foregoing statements give a basis for conducting a program of 
evaluation of the total amount of fallout that occurs in a given region. 
The sampling sites are so situated that they receive no runoff water 
from higher ground and lose no rainwater by runoff. This requires 
a permeable soil that is nearly level, and that has enough clay or 
organic matter to hold on to the strontium ions that reach the soil 
surface. It is desirable that the soil be in a grass cover, although 
farm soils that are in rotations involving corn, small grains, and hay 
crops have proved quite satisfactory. 


THE EFFECT OF AGRICULTURAL PRACTICES 


As mentioned earlier, farm practices such as leaving sloping ground 
bare to erosion by water or by wind can move the fallout from where 
it fell to some place of accumulation. This, of course, makes for 
nonuniform distribution in an area. The extent of this depletion and 
concentration has not been determined. 

The vertical distribution of fallout in a soil may be altered b 
agricultural practices such as deep plowing. This changes the posi- 
tion of the fallout with respect to the root zone of the crops. In case 
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of shallow-rooted crops such as some grasses and many vegetables, 
the deep plowing may materially reduce the uptake of strontium 90. 
At best, one can expect only a fewfold change in uptake by the plant 
from these mechanical soil treatments. Plowing, harrowing, and 
mixing of soils on which strontium 90 has fallen are generally 
expected to reduce the uptake of this element due to moving it from 
areas of higher to lower concentration. Experiments are underway 
to test this supposition. 

The practice of liming has been suggested as a remedial measure 
for areas having high concentrations of strontium 90. This can 
be reasonably effective if the amount of available calcium in the soil 
is very low, such as in some of our unimproved pastures. By in- 
creasing the amount of ions similar to strontium in the soil its uptake 
is decreased. While this is feasible on some soils—and in fact it 
would benefit many of them aside from considerations of strontium 90 
uptake—there are limitations on the heavy application of lime to 
most agricultural soils. Their productivity for many crops would 
be jeopardized by large amounts of lime. Such additions or heavy 
applications of gypsum would lead to imbalance of both major and 
minor essential elements. 

As with mechanical practices, one cannot expect liming to change 
the strontium uptake by an order of magnitude. Only a fewfold 
reduction can be anticipated at most. Even less can be said for large 
additions of fertilizers containing calcium, because the calcium con- 
tent in them is lower than in lime. 





THE EFFECT OF FALLOUT ON WATER SUPPLIES 


The fallout on lakes, rivers, and oceans is mixed with relatively 
large volumes of water and hence is not so concentrated as the fallout 
that lodges in the top few inches of soil, where plant roots are usually 
concentrated. These waters, other than the salty ones, have flora and 
fauna that are in need of calcium. Hence, strontium 90 also is 
taken up and eventually settles out on the bottom of the lake or in 
the mud of the river. The moving waters also contain soil or rock 
powder, and these absorb the strontium 90 so that open waters are 
not hazards from fallout from atomic tests. 

Water that comes from wells or springs has been filtered through 
soils. The strontium 90 has been largely removed in the process of 
filtration. For industrial processes that require large volumes of 
water, containing negligible amounts of radioactivity, open lakes, and 
rivers might pose a problem. From the standpoint of direct effect 
on man, waters do not constitute a major source of concern. In 
-ase of contamination due to warfare, the strontium 90 could be readily 
removed from drinking water by water softeners or ion exchange 
resins, 


FOOD COLLECTION AND DISTRIBUTION 


In case of atomic warfare, food supplies could be seriously con- 
taminated by strontium 90 and other fisssion products. Material that 
falls out directly on vegetables consumed by man, could, in some cases, 
be removed by washing with water or by discarding portions of the 
foodstuff such as the outer leaves of cabbages or the peelings of 
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potatoes. Strontium 90 that becomes a part of the plant either by 
uptake through the plant roots or by assimilation through the leaves 
from direct fallout cannot be removed from the foodstuff without 
removal of the calcium also. Milk containing strontium 90 probably 
could not be made free from this contaminant without simultaneous 
removal of the calcium and consequently changing the basic character 
of the milk. Food treatment and processing during wartime condi- 
tions could be expected to alleviate only that contamination due to 
direct fallout. 

Alterations of food distribution patterns could be used to lower 
strontium 90 intake. This might involve bringing in vegetables and 
milk, which serve as a considerable source of calcium in the diet, from 
areas that have had little or no contamination. The contaminated 
areas could be used for growing the foodstuffs that contribute little to 
the calcium of the body, such as grains and meat. Obviously, this 
might involve difficult problems, or even be impractical, depending on 
the size and location of the contaminated and uncontaminated areas, 
Remedial measures could be evaluated from our knowledge of the oc- 
currence and chemical behavior of calcium and strontium in soils and 
in food and feedstuffs, 


ENTRY INTO BIOLOGICAL PROCESSES 


When fallout lodges directly on plants that are eaten by man and 
beast, all of the radioactive elements which are present in it may be of 
concern. Strontium 90 and cesium 137 can be metabolized by the 
plant and become a part of it even though not coming through the 
roots. The extent to which the rare earths and plutonium would 
remain on the plant material and be ingested by man and animals is 
not well known at the present time. It is believed that they are of less 
concern than strontium 90, 

It is possible that most of the cesium found in milk comes from 
direct uptake through deposition on forage that the cows eat, al- 
though it is also possible that surface drinking water could be a major 
source. A few years ago, when the soil contained less fallout and 
atmospheric fallout was increasing, a major share of the strontium 90 
in forage consumed by livestock was from direct fallout on the vegeta- 
tion. Since the level has increased in the soil, the indications are that 
most of the strontium 90 gets into the plant by way of the soil and root 
uptake at the present time. 

Alfalfa grown on two very sandy soils in Illinois derives its calcium 
from high-calcium subsurface horizons rather than from the plowed 
layer. In these cases, the uptake of strontium 90 has been very small 
in comparison to vegetation that obtains its calcium largely from the 
plow depth, where the strontium 90 occurs. Experiments with black- 
eyed peas, lima beans, and snap beans at Beltsville, Md., during 1956 
indicated that only a small part of the strontium 90 in the vegetation 
came from direct deposition on the plant surfaces. 

Representative Horirietp. May I stop you there, Dr. Alexander, 
and ask you why this statement could be possible in view of the fact 
that the number of tests have increased within the last 2 or 3 years 
and therefore there would logically be a greater deposit from the at- 
mosphere on the surface of the ground and less underneath. Why 
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is it that the plant is taking up more from below the ground than it is 
through its leaf ? 

Dr. Atexanver. The amount in the soil has increased. I believe the 
figures were mentioned this morning from 5 to something like 20 or 
25 in this general area. 

Representative Hoirrevp. In other words, the spring plowing takes 
the deposit that occurs in the nongrowing season and puts it under- 
neath the surface. 

Dr. ALexanper. Yes, sir. You can plant snap beans and harvest 
them in 42 days. So the time exposed is relatively short and the 
amount of fallout during that short period of time is relatively small 
compared to the total in the ground at the present time. 

Representative Horirrerp. The amount in the ground has increased 
by a factor of 4. 

Dr. AtexaNnper. Four or five since 1953. 

Representative Horirietp. If the number of bomb tests increase and 
we go on for a series of another 10 years, could we now extrapolate 
an approximation as to the amount that would be taken up by the 
vegetables through the soil? Would there be a geometric increase 
or what type of increase could we estimate that would occur? 

Dr. ALExANper. It seems to me that if we keep the amount coming 
out in the air constant and increase the amount of soil, then with 
another 10 years the amount from direct fallout on the leaf would be 
insignificant compared to the amount taken from the soil. It must 
go in that direction. 

er HottrreLtp. What would be a reasonable extrapola- 
tion for the next 10 years, let us say, in view of the history of the last 
3 or 4 years? 

Dr. ALexanper. Sir, there are some uncertainties. These estimates 
are based on strontium 89 and strontium 90. There has been uncer- 
tainty in the determination of strontium 89. So I do not really know 
exactly. 

Representative Hotirrevp. That is true about strontium 89, but the 
facts are pretty well known about strontium 90 with its 28-year life. 

Dr. ALEXANDER. Yes. 

Representative Hoxirietp. You could well say that for 28 years 
from 1954, if we use that as the base year to start—if we want to go 
back further we could to some of the earlier tests—you would have an 
accumulative increase, would you not, in the soil? 

Dr. Aurxanper. Yes, sir. In the Chicago milkshed area from 
1953 to 1955 approximately the increase in strontium 90 in vegetation 
was proportional to the increase in the soil. 

Representative Horirretp. Then the next thing that would concern 
us would be: Would that amount of increase be to the point where it 
would be detrimental, and if so, how much? Or would it be so in- 
finitesimal that it would not be of any concern ? 

Dr. Avexanper. All I could do would be to make a prediction as to 
how much would be there if so much more falls out. You could 
double the amount in the soil and perhaps approximately double in 
amount in vegetation. As to what would be harmful to man I would 
rather someone who is a biologist or medical man pronounce on that. 
; Representative Horrrretp. We will have testimony on that factor 

ater. 
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Dr. ALEXANDER. Yes, sir. 

Representative Horirim:p. When we talk about increasing 4 or 5 
times and then as the years go by increasing 10, 15, 20 times the 
amount that was in the soil in the year 1954, this is the thing that 
alarms people, because they have no way of evaluating what that in- 
crease amounts to in terms of detrimental effects. We hope that there 
wil be some evaluation from the scientists if we are to the point where 
we can evaluate that in the later hearings. 

Chairman Duruam. Doctor, is there not a limit to plant life as to 
the amount of any type of chemical substance they will absorb and 
take into the plant? 

Dr. Arexanper. Mr. Durham, in this case I believe the amount in 
terms of weight is so small that I don’t believe one would approach 
any kind of saturating point. 

Chairman Duruam. Having had a little experience with farming, 
especially in vegetables, I think we always felt even the use of fer- 
tilizer—which is a different thing—you go through the same process 
of assimilating it into the plant life. I was always taught that a plant 
would assimilate so much chemical substance of whatever kind. 

Dr. Arexanper. That is right. 

Chairman Duruam. It has a food limit just like if I do not want 
2 pieces of pie I will eat 1. 

Dr. Atexanper. If you have 4 pieces of pie sitting in front of you 
you will take only 1 instead of all of them. 

Chairman Durnam. Of course, the danger period would be as to 
the amount absorbed by the plant. When you reached that point you 
could be concerned. 

Dr. Avexanprer. The amount absorbed by the plant will depend 
upon the amount of other similar ions that are present. So it depends 
on whether or not the quantity added of fission product is a measure- 
able amount compared to what is already there. 

I believe Dr. Western or somebody spoke of million—millionths of 
a gram. 

Chairman Durnam. It is not going to run up the beanstalk unless 
there is something there that attracts it. 

Dr. Atexanper. The cow thinks it is calcium. It can hardly tell 
the difference between calcium and strontium. So it needs calcium 
and takes up the strontium. 

Representative Horirreip. To carry the illustration further, it is 
true that one plant in its lifetime will be limited to the amount that it 
takes up. But if people continue to eat plants, let us say, from con- 
taminated ground, it becomes accumulated in the human being in the 
period of 28 years, does it not? 

Dr. Atexanper. Yes, sir. 

Representative Horirreip. So the hazard of the one lifetime of a 
plant is not the thing that we can stop at. We have to carry it on to 
its final resting place as far as the human being is concerned. 

Dr. ALexanper. We will take up a little later the matter of dis- 
crimination factors and the ratio Seteed the strontium calcium in 


the vegetation compared to what will come out in the human bone. 
Representative Hotirretp. You may proceed. 
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Dr. ALexanper. Since 1953, the strontium 90 found in vegetation 
has increased in proportion to the increase in the total amount of 
strontium 90 that has fallen out on the soil on which the vegetation 
grew. The uptake of strontium 90 by shallow-rooted plants is not 
so erratic as for the deep-rooted plants such as alfalfa and sweet 
clover. These deep-root lants may be getting the bulk of their 
calcium near the surface, if growing on an acid soil that has been 
limed. On the other hand, as mentioned above, the alfalfa may be 
drawing its calcium from a deep horizon and consequently getting 
little strontium 90 from the deposition of fallout on the surface. 
Soils having abundant calcium in the soil zone containing the fallout 
will produce vegetation of lower strontium 90 content than compara- 
ble soils with low calcium levels. 

Cesium 137 seems to be taken up more readily by plants from solu- 
tion cultures than from soils. Apparently, the cesium ion is so 
firmly held by the soil surfaces that it is not readily available to 
ylants. Likewise, the rare earths and plutonium are little taken up 
be plants from soils; hence, these elements become of interest only 
to the extent that they are deposited directly on foodstuffs or in 
water supplies. 

Soil-to-plant discrimination factors have been of considerable 
interest to those working with fission products that get into the food 
chain. Evidence for a discrimination against the uptake of stron- 
tium relative to calcium is conflicting. Some data based on tracer 
experiments have indicated that there might be a 2-to-1 factor against 
strontium uptake. 

Menzel and Heald made 2 studies designed to measure discrimina- 
tion between stable strontium and calcium, 1 in the greenhouse and 
1 in the field. In the greenhouse experiment with 10 crops on 4 soils, 
the average discrimination factor for stable strontium and calcium 
between soil and plant was 0.7. Under field conditions at 93 sites 
in 11 States no discrimination, on the average, was found between 
the ratio of calcium and strontium in alfalfa and wheat and the 
ratio in the exchangeable form in the soils on which they were grown. 
There may be no single answer to the problem, but it seems that one 
should not count on a large discrimination factor for strontium. 

All evidence available points to a rather large discrimination fac- 
tor for the uptake of cesium from soil. Menzel found a factor of 
50 for the reduction of uptake of cesium relative to acid-soluble 
potassium. 

It should be emphasized that discrimination factors, where they 
exist, are strictly applicable only to equilibrium conditions. Prob- 
ably none of our soil root zones has been brought into equilibrium 
with the recently added fission products. Thus, it is difficult at this 
time to make calculations based on uptake found under field condi- 
tions. At the present time in the United States, we can find forage 
that has strontium 90 to calcium ratios that are lower than, higher 
than, or equal to the ratio of these elements in an exchangeable form 
in the surface horizons of the soils from which the forage came. 
These variations are due to unequal distribution of the fission prod- 
ucts and exchangeable calcium in the soil, and to uncertainties as to 
what constitutes the root zone of these particular plants. 
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UPTAKE AND RETENTION IN ANIMALS AND MAN 


Food and water comprise the main mode of entry of radioactive 
constituents of delayed fallout into the bodies of animals and humans. 
In the period immediately following the deposition of fallout from 
the atmosphere, a substantial fraction of the ingested contaminants 
may originate in fallout deposited directly on edible vegetation. In 
the case of animals this would involve primarily forage grasses and 
legumes, and in the case of man, vegetables. With the passage of time, 
and with the discarding of directly contaminated food, however, the 
relative importance of the fraction which is absorbed from the soil 
through plant roots becomes preponderant. Accompanying this 
change with time is a shift in the composition of the radioactive 
atoms contaminating feed and food, from a mixture of a number of 
isotopes to one eventually predominated by strontium 90, and, to a 
lesser extent, by cesium 137. 

For a period of days following a heavy deposition of fresh fallout, 
iodine 131, which has a half life of 8 days, may be of importance in 
direct contamination of vegetation. Radioiodine is selectively con- 
centrated in the thyroid gland, where excessive accumulations cause 
cancer and cell destruction. Injury to the gland may not be detected 
until long after the iodine has decayed. 

Plutonium and the rare earths are absorbed only very slightly from 
the gastrointestinal tract, so that these elements are not relatively 
important biologically from the standpoint of ingestion of fallout 
The fraction of these atoms that does enter the blood system becomes 
selectively concentrated in the organic matrix of forming bones. Af- 
ter they are deposited there, they undergo only a slight decrease in 
concentration with time. Since the half life of plutonium 239 is 
24,000 years, this means that no substantial reduction of radiation 
from this isotope will occur during the life of the affected individual. 

Cesium 137 becomes distributed in the body similarly to the essen- 
tial nutrient element potassium. It occurs in muscle tissues, other 
soft tissues, and the blood. Because it emits gamma rays also, it sub- 
jects the entire body to radiation. The rate of clearance of cesium 
from the body is relatively so high that the continuous ingestion of 
substantial amounts from food and water is required to maintain a 
high body burden. 

Strontium is readily absorbed from the gastrointestinal tract, some- 
what less readily than is calcium, and a large fraction of that absorbed 
is accumulated in the crystalline mineral portion of bones, similarly 
to calicum. This deposition in the bone occurs partly by an exchange 
replacement of calcium ions located in the surfaces of the mineral 
crystals and partly by bone growth. The concentration of strontium 
90 in the bone relative to calcium is not uniform unless the ratio of 
strontium 90 to calcium in the food has remained reasonably constant 
during the entire period of development of the skeleton. At any one 
time, the skeletal deposition of currently ingested strontium occurs 
preponderantly at sites of active bone growth and bone tissue reform- 
ing. The radiation at these sites from strontium 90 from its daughter 
by decay, yttrium 90, is a potential cause of bone cancer and dam- 
age to the blood-forming tissues. The likelihood of this injury in 
general would increase with the skeletal concentration of strontium 
90, and with the length of its retention in the bones. It would ba 
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reater for children than for adults whose skeletons were completely 
detianed. The average period of retention in the human body is sev- 
eral years. Because the radiological half life is 28 years, the main 
cause of reduction in radioactivity from strontium 90 during the 
period of residence in the body is the process of elimination of the 
strontium atoms from the body. 

Although strontium is closely similar to calcium in behavior, it 
moves somewhat more slowly through metabolic processes and mem- 
branes in animals and man than does calcium. The magnitude of 
this discrimination may be small in any one metabolic process, but by 
a succession of such processes, each one magnifying the preceding 
discrimination by a small factor, substantial discrimination between 
the two elements may ultimately be effected. The discrimination fac- 
tor for a specific process is defined as the ratio of strontium to calcium 
in the product divided by the ratio of strontium to calcium in the 
reactants. The observed ratio for a sequence of processes, for which 
the individual discrimination factors may or may not be known, is 
the ratio of strontium to calcium in the final product divided by the 
ratio of strontium to calcium in the reactants of the initial process. 

Representative Horirietp. Doctor, going back to the previous para- 
graph, you plainly state that the degree of absorption of the body 
depends upon the growth of the bone tissues. You point out that in 
the case of children whose bones are growing there would be a greater 
percentage of strontium 90 absorbed than in adults. Is that correct? 

Dr. Atexanper. Yes. As I understand from discussions that have 
been had in a grown person there is some bone turnover. ‘There are 
points of bone that are regrowing and others that are decomposing. 
To the extent that the regrowth of bone is taking place, either from an 
injury or from a natural repair, you would be taking in some from your 
diet. But the child is laying down all of its skeleton. 

In other words, it is growing more constantly. The bone in a child 
is getting so many more pounds every year, whereas with a grown 
person the weight may stay the same but he has a certain amount of 
turnover. 

Representative Hotirretp. It is building the size of its bone skeleton 
as well as repairing the part that dissolves ¢ 

Dr. Avexanper. That is right. 

Representative Hortrretp. There is no question about this fact, is 
there? Imean the scientists are agreed upon this point? 

Dr. Atexanper. I believe so; yes, sir. 

Representative Horirietp. I ask that for a very definite purpose. 
We realize in all testimony that most scientists take into consideration 
systematic error or even personal error in making their conclusions. 
The reason I wanted to ask that question was to find out if there was 
any appreciable controversy on that point. 

Dr. ALexanper. I don’t believe so. 

Representative Hotirieip. You may proceed. 

Dr. Avexanver. Recently experimental studies with humans and 
various animals, based on different approaches in many instances, have 
established a number of the important discrimination factors and 
observed ratios, with commendable precision. The techniques used 
in these experiments have included: 
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a) Radioactive strontium tracer versus stable natural calcium ; 

‘5 Radioactive strontium tracer versus radioactive calcium tracer ; 
and 

(c) Stable natural strontium versus stable natural calcium. 

The field sampling program for strontium 90 also has provided 

valuable information. Drs. Cyril L. Comar, Daniel Laszlo, and Nor- 
man S. MacDonald, and their colleagues, are among those who have 
made important experimental contributions to the attack on this 
»roblem. 
. The discrimination values mentioned here apply strictly only when 
the ratio of strontium to calcium in the diet remains constant during 
the entire period of development of the skeleton. On a diet not con- 
taining mail or milk products, the strontium to calcium ratio in the 
bones of rats, goats, and humans has been found to be about 0.25 to 
0.30 of that in the diet. When milk is the source of the calcium and 
strontium, the ratio in the bones of rats and humans will be about 
0.55 of that in the diet. Some components of milk increase the rela- 
tive absorption of strontium from the gastrointestinal tract. The 
milk produced by cows and goats from their normal diet will have a 
strontium-to-calcium ratio of about one-tenth to one-seventh of that 
in the diet. 

Representative Hotuietp. May I ask you to stop there to clarify 
this statement above: 

When milk is the source of the calcium and strontium, the ratio in the bones 
of rats and humans will about about 0.55 of that in the diet. 

Let us assume that there is a hundred units of strontium in the diet, 
Your point there is that the body would only absorb 0.55. In other 
words, just a little over half of 1 percent of the gross amount of intake ? 

Dr. ALexanper. That is relative to laying down an equal amount 
of calcium. These units are in terms of the strontium relative to 
calcium, 

Representative Hoxirtetp. Then I am wrong in my interpretation 
of what you save said there. That refers to the percentage it would 
take up in relation to the calcium that would be taken up. 

Dr. ALExANnpeER. Yes, sir. 

seen Ho.irievp. How much of the calcium would be taken 
up 

Dr. Atexanper. That would depend on the stress. If it were a calf 
on a low-calcium diet, he would use maybe 90 percent. If it had an 
excess of calcium it would use a smaller percent. It would make that 
discrimination. 

For a gram of bone growth, there would be 0.55 as much strontium as 
was in the gram of calcium that went into the food. So it is a reduc- 
tion of half as far as the strontium uptake is concerned. 

Other things being equal, sir, your question would be right. If the 
animal is using all the calcium in its diet, then your statement would be 
essentially right, that for a gross intake of so much it would only mean 
half as much was taken up. 

Representative Hoxiriep. So we can at least draw this comfort 
from the fact that the amount that was ingested by the animal would 
not be transferred either to the meat or the milk, and then in turn 
transferred by human ingestion to the human body. Am I right in 
that interpretation ¢ 
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Dr, Atexanper. Perhaps I was thinking of a growing animal rather 
than one that was lactating. I believe the. system is a little more com- 
plicated in a cow depending on the calcium. If she is very low in 

calcium she may be drawing calcium from the bones in order to get the 
amount she needs to make the milk ev ery day. 

As far as the meat is concerned, strontium and calcium are not a 
factor. They are a factor in the bone and the milk. 

I believe in general lactating animals will give preference to the 
production of milk. Nature in general tends to make the milk all of 
the same composition. If you give a cow a low- or high-calcium diet, 
she will produce milk of the same composition. But the utilization 
of what goes through her would be quite different percentagewise. 

Representative Hotirrecp. How would that differ in the case of a 
hen and an egg? 

Dr. Atexanper. I am afraid you have me over a barrel because I 
do not know too much about the calcium to make hen eggs. The only 
thing I know is that if a chicken is too low in calcium they produce 
an egg which has very little calcium and it is a soft egg without a 
shell. I personally don’t know very much about the “nutrition of 
chickens. 

Representative Hotirmxp. We will go on then, if you do not know 
that. 

Dr. ALExANnper. Studies with rats and rabbits indicate that the 
strontium-to-calcium ratio in the fetus would be about one-half of 
that in the body of the mother. Experiments with lactating goats 
suggest that the ratio in the milk produced would be about 0.38 of 
that in the blood plasma. Absorption from the intestines and urinary 
excretion appear to be the processes causing the major discrimination 
against strontium in nonpregnant nonalactating mammals, 

The appropriate discrimination factors and observed ratios can 
be combined mathematically to estimate the overall discrimination 
between strontium and calcium in the vegetation and in human bone. 
To be valid, these calculations must be based on reasonable assump- 
tions concerning the fractions of the calcium intake derived from 

various sources—for example, cow’s milk, vegetables, and the mother’s 
body. For newborn infants, the predicted overall discrimination has 
been estimated to range from a minimum value of 0.10 to a maximum 

value of 0.045. For 6-month-old children, the estimated range is from 
a minimum discrimination of 0.13 to a maximum of 0.041. For chil- 
dren over 6 months of age and adults, the estimated minimum discrimi- 
nation value is 0.20 and the maximum 0.09. It is apparent, therefore, 
that the metabolic processes in humans and animals are favorable to 
a substantial reduction in the hazard of strontium 90 to man, as com- 
pared to the level of contamination of the vegetation in the food chain 
and of the soil on which it is grown. 

Uptake by marine organisms: In the consideration of the uptake 
of fallout by marine organisms no recognition is made of the differ- 
ence between early and | delayed fallout. In fact, most quantitative 
observations have been on the distribution of local fallout. One im- 
portant difference might be expected, that delayed fallout would be 
small particles, w hich would remain in the surface waters. 

The distribution of fallout in the ocean is dependent upon the lo- 
cation and time where fallout occurs and the dispersion following fall- 
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out. Dispersion is mainly by water movement, but also can be by 
transport in plankton, fish, or other organisms. 

The depth in the ocean where the fallout particles occur has an 
important bearing on distribution. The water from the surface to 
the thermocline is often called the stirred layer, as it is assumed that 
this water is being mixed constantly. Below the thermocline, which 
occurs from 100 to 200 meters below the surface, the water is stratified 
and slow moving. Therefore, it may be assumed that small fallout 
particles will remain in the surface and may be transported great 
distances, whereas larger fallout particles will be moved horizontally 
while passing through the stirred layer, but relatively little once they 
are below the thermocline. Some support is given to this assumption 
by the fact that deep water samples from the vicinity of the Eniwetok 
test site just previous to the Redwing tests in 1956 were radioactive 
from previous fallout, which suggests that some radioactivity from 
earlier tests had not removed far horizontally. 

Ultimately, the fallout in the surface water becomes a part of the 
major current system of the ocean and moves in a gyro around the 
entire basin. In the Northern Hemisphere the circulation is clock- 
wise, and in the Southern Hemisphere counterclockwise. In the vicin- 
ity of the Eniwetok test site, the North Equatorial Current moves west- 
ward to the Philippines, where the current splits, with most of the 
water flowing northward to become the Japanese Current. Off the 
coast of Japan the current turns eastward to flow across the Pacific 
Ocean and arrives off the coast of North America at about 50° north 
latitude; there it flows southerly, and later westwardly, to complete 
the cycle. 

In 1955, 1 year after Operation Castle, a survey was made to deter- 
mine the distribution of radioactivity in the plankton and water of 
the North Equatorial Current in the western Pacific. Starting near the 
test site, the survey moved westward to the Philippines and thence 
northward to Japan. Activity, or other than from naturally occurring 
isotopes, was widespread and of low level, with the am dn values 
found off the Philippines, a distance of 2,500 miles from the test site. 
Values for water ranged from zero to 537 disintegrations per minute 
per liter and for plankton from 3 to 140 disintegrations per minute per 
gram wet weight. As a comparison, the radioactivity in sea water 
from the naturally occurring isotope, potassium 40, is about 540 dis- 
integrations per minute per liter. Although this fallout probably re- 
mained in the North Pacific circulation system, it would become in- 
creasingly difficult to detect because of the continuing processes of 
dilution and radioactive decay. 

The radioactivity of water and plankton samples from an area con- 
taminated by fallout, shortly after bomb tests, was determined on 
two series of Redwing samples. One series was collected during the 
operation and the other 6 weeks after its conclusion. During this 
period of time the maximum water value decreased to 16 percent and 
the plankton value to 2 percent of the earlier values. 

The transport of radioactive isotopes away from a contaminated 
area it marine organisms is possible. One way this could happen 
would be for migrating fish to prey upon radioactive organisms while 


moving through a contaminated area. Another, and probably a more 
important way, is associated with the daily vertical migration of 
93299°—57—pt. 1——34 
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plankton. The diurnal migration of plankton to near the surface 
during hours of darkness and to deeper waters during hours of light 
is well known. There was evidence of this situation in samples col- 
lected near Bikini, just previous to Redwing. At the surface plankton 
was radioactive but the water was not, while in deep water both were 
radioactive. It is thought that this was a result of plankton becoming 
radioactive in the deep water and then moving toward the surface. 

Marine organisms can acquire radioctive isotopes directly from the 
water in which they are living or indirectly by ingestion of other 
radioactive organisms. The acquisition of radioisotopes directly from 
the water may be either by absorption or adsorption, but this is of 
little importance from the point of view of the food chain. An 
example of a food chain leading to man starts with the one-celled 
plants, then leads to the one-celled animals, to the small many-celled 
animals, to small fish, to large fish, such as a tuna, and finally to man. 
There may be a few, or there may be many links in the food chain, 
and radiosotopes may enter the chain at any point. 

Marine organisms, similar to terrestrial plants and animals, 
differentially select and retain minerals in their bodies, and can con- 
centrate elements from sea water. The selection of an element depends 
upon the physiological demand of the organism for the element and 
the availability of the element, and to some extent, of chemically simi- 
lar elements. The greatest concentration will occur when the demand 
and availability are greatest, and vice versa. For example, because 
zine is relatively scarce in sea water and there is a physiological de- 
mand for this element by fish and shellfish, zinc in an available form 
that is added to sea water is rapidly removed and concentrated by 
fish and shellfish. A similar example is that of the alga, Aspara- 
gopsis, for iodine. On the other hand, when strontium, which is 
naturally more abundant in sea water, is added to sea water, its 
concentration by most marine organisms is not great. 

The plankton samples collected during and after the Redwing 
operation were analyzed for the radiosotope composition. The iso- 
topes found include strontium 89 and 90; barium 137 and 140; cerium 
144; praseodymium 144; ruthenium 103 and 106; zirconium 95; cobalt 
57, 58, and 60; zine 65; iron 59; and trivalent rare earths. There were 
differences in the isotopes found in the plankton samples collected in 
different areas. One reason for this difference is that plankton is 
eomposed of many groups of organisms, each with an affinity for 
specific isotopes. 

For this same reason, the concentration factor of radioactivity by 
plankton in relation to the water of its environment varies greatly. 
A concentration factor of a thousand or greater is often observed. 
Because plankton does concentrate fission products and other radio- 
isotopes, measurement of the radioactivity in a plankton sample is 
a convenient method of determining the presence of radioactive 
isotopes in the water. 

In fish most of the elements expected from fission are found and 
also the nonfission products formed by neutron irradiation of bomb 
and tower metals, manganese 54, iron 59, cobalt 58 and 60, and zinc 65. 
Often the nonfission products predominate. It has been mentioned 
that little strontium is found in most marine organisms. A land crab 
does accumulate strontium 90 in the liver and shell, whereas marine 
crabs contain little strontium 90. 
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A program of radiobiological monitoring has been a part of all 
test series in the Pacific Ocean. Samples of fish, invertebrates, birds, 
plankton, water, soil, algae, and terrestrial plants and animals have 

een collected from the ocean, lagoon, reef, and islands of many places 
in the Pacific Ocean. Some have been visited only once, while others 
many times. Except for the immediate vicinity of the test site, bio- 
coy contamination by fallout in the Pacific Ocean has been very 
slight. 

Representative Horirretp. Thank you very much, Dr. Alexander. 
That was quite a task for you to go through that, particularly at the 
speed that you went through it. But I think you have given us a 
lot of very valuable information for our record, and we appreciate it. 

Our next wtiness is Dr. Roger Revelle, Scripps Institute of Ocean- 
ography, University of California. 

As a fellow Californian, sir, I welcome you to the witness stand. 


STATEMENT OF DR. ROGER REVELLE, DIRECTOR, SCRIPPS INSTI- 
TUTE OF OCEANOGRAPHY * 


Dr. Revetie. Thank you, Mr. Holifield. I have some charts that 
we might put up. 

Representative Hortrreip. Very well. 

Dr. Reverie. I have a prepared statement which I would like to 
submit for the record. 

Representative Horirie.p. Without objection, your prepared state- 
ment will be received for the record, and you may proceed to sum- 
marize in any way you desire. 

(The statement referred to follows :) 


STATEMENT BY Pror, RoGer REVELLE, ScrRipPS INSTITUTION OF OCEANOGRAPHY, 
UNIVERSITY OF CALIFORNIA 


1. At present the measurable radioactivity in the oceans consists of the 
natural radioactive elements and artificial radioisotopes from tests of atomic 
weapons. 

2. In the future, additional radioactivity may become introduced into the 
ocean from the use of atomic weapons, accidents to nuclear powered vessels, 
accidents to nearshore reactors, from the oceanic disposal of atomic waste, and 
in coastal areas, from land runoff. Some evidence that this latter effect now 
exists in the La Jolla region is shown on table 1. 





3 Scripps Institution of Oceanography. Date and place of birth: March 7, 1909, Seattle 
Wash. Education: A. B., Pomona College in 1929; Ph. D. in oceanography, University of 
California in 1936. With the exception of service in the Navy during and immediately 
after World War II, his entire career has been spent at the University of California’s 
Scripps Institution of Oceanography, of which he became director July 1, 1951. On staff 
of Adm. W. H. P. Blandy in Operations Crossroads in > of oceanographic measure- 
ments. Organized resurvey of Bikini in 1947. Fellow of American Association for Ad- 
vancement of Science, San Diego Society of Natural History, Geological Society of America ; 
member, American a ara Society, Sigma Xi, Society of Limnology and Ocean- 
ography, Geological Society of Washington, Western Society of Naturalists, Cosmos Club, 
Men’s Faculty Club, Berkeley, American Association of Petroleum Geologists, and Ameri- 
can Geophysical Union. President for 1956-59 of the section on oceanography of the 
American Geophysical Union. President of speciai committee on oceanographic research 
of International Council of Scientific Unions; chairman, National Academy of Sciences 
Committee on Biological Effects of Atomic Radiation in Oceanography and Fisheries ; mem- 
ber for North America of International Advisory Committee on Marine Sciences of 
UNESCO; member, Committee for the International Geophysical Year of the International 
Association of Physical Oceanography; the Panel on Oceanography of the National Com- 
mittee for the International Geophysical Year; and Divisional Committee for Mathemati- 
cal, Physical, and Engineering Sciences of National Science Foundation. In 1954, Dr. 
Revelle received the Albatross Medal of Swedish Royal Society of Science and Letters for 
outstanding achievements on oceanography, especially in deep-sea research. Honorar 
doctor of science from Pomona College, lected to National Academy of Sciences April 23, 
1957. (Submitted by witness.) 
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3. Natural radioisotopes exist everywhere, but they are much lower in the 
sea than in any other regionof the earth where life exists. Therefore, artificial 
radioactivity can modify the marine environment to a somewhat greater relative 
extent than it can the land environment. Due to the great volume of the 
sea, however, the absolute change in radioactivity will be small. Table 2 shows 
the natural radioactive nuclides in the sea, and it can be seen that the natural 
radioactive background of the ocean is almost wholly due to radiopotassium 
and is very low. In consequence, marine organisms and sailors normally 
experience very low exposure to external radioactivity. 

4, In addition, because man is a land animal, the oceanic radioactivity usually 
has less direct effect on him than does radioactivity on land. Table 3 shows 
the total natural exposure of man and other organisms in different environ- 
mental situations. 

5. The principal mechanisms by which artificial radioactivity in the ocean may 
represent hazards to man are through the marine products—the animals and 
plants of the sea that are eaten by man and his domestic animals or employed 
as fertilizers. 

6. At present, fallout from weapons tests is the only significant source of 
artificial radioactivity in the oceans. Table 4 shows activities of some oceanic 
organisms collected off California in April 1957. 

Most of the fallout from United States weapons tests falls on the oceans. 
In the first place the large weapons tests occur there and the close-in fallout 
comes down directly on the sea. In addition, the oceans cover 71 percent of the 
earth’s surface and of the widely distributed stratospheric fallout from both 
United States and Russian tests, up to 71 percent falls into the sea. 

The proportion of fallout occurring in the close-in region varies from zero 
for a high airburst to perhaps one-half for a ground surface burst of a large 
weapon, and 90 percent for an underwater burst of a nominal atomic bomb. 

7. In the sea this fallout radioactivity mixes rapidly to an appreciable depth. 
Since land fallout ends up on a surface, the concentration of fallout per volume 
of material tends to be greater on land than on the ocean. 

It is known that the very close-in fallout from ground explosions penetrates 
the ocean very rapidly, part of it penetrates through 100 meters in less than 
20 minutes. For water and air bursts and outside the very close regions for 
surface land bursts, the fallout is mixed throughout the upper 50 to 150 meters 
within a few days after arrival. In the trade wind region this mixing is complete 
in 30 hours. 

The rate at which fallout becomes distributed below the surface depends on 
two factors: the size of individual particles containing the radioactivity and the 
rate of vertical mixing in the sea. The rate of settling is of primary importance 
for particles larger than eight hundredths of a millimeter in diameter while the 
rate of mixing of the water itself dominates, at least during the first few days, 
fer particles with a diameter of less than 0.04 millimeter. Within a few miles 
of a big surface burst over shallow water or land, the particles average about 
0.2 of a millimeter in size and settle at a rate of more than 200 meters per hour. 
The concentration of radioactivity not far above the “front” of settling particles 
is fairly uniform. At greater distances, where vertical mixing of the water pre- 
dominates, the lower boundary of the radioactivity layer deepens at first at a rate 
of 5 meters per hour, and below 20 or 30 meters at a rate of 2 or 3 meters per 
hour, until the bottom of the mixed surface layer at 50 to 100 meters is reached. 
At this depth the rate of mixing greatly diminishes and the radioactive layer may 
not become much deeper for periods of several weeks. 

8. Because of this rather rapid mixing, the fallout, once it gets in the ocean, 
presents a much smaller direct hazard than fallout on land owing to the shielding 
by the immense mass of water with which it has mixed. 

It can easily be shown that because of this vertical dispersion of the fallout, 
and the absorption of radiation coming from below the surface by the water, the 
radioactive hazard to a human being at or above the surface is less than one 
hundredth of that which would exist over land after the first half hour from 
the cessation of fallout, It is only about 20 percent of the land hazard during 
the first half hour, 

9. Both close-in and early (or tropospheric distant) fallout fall in a relatively 
small part of the ocean. The radioactive substances are moved by currents and 
by mixing to other areas in concentrations that are high in comparison with a 
final distributed level. Thus the ocean currents represent a mechanism of trans- 
port of fallout materials. Subsequent concentrated fallout of radioactivity from 
the same site commonly is not added to the same water mass and hence, unlike 
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the case of land detonations, concentrations are not increased. During the 
process of transport the waters are mixed laterally and to some degree vertically 
and the concentration of radioactive materials decreases, As an example of the 
concentrations to be expected at moderately great distances from the Pacific 
Proving Ground in a few months after a weapons test, we may cite the results 
obtained by the Japanese Shukotsu Maru expedition shown in the accompanying 
chart. 

10. Over a long term of perhaps 200 to 400 years the material falling to the 
surface waters of the sea is diffused throughout the whole volume of the ocean, 
which is more than 40 times the volume of the surface layers. 

11. The surface layers, into which fallout rapidly mixes, are of the greatest 
importance to man as they contain most of the living plants and animals that 
he harvests, and which may take up radioactivity from the water. 

12. There is communication between the deep and surface layers along shores 
and in certain other areas where the phenonmenon known as upwelling occurs. 
In these regions, several factors are worthy of note. The upwelling waters are 
rich in nutrients and a subsequent heavy growth of plankton results. This 
plankton growth is the primary foodstuff upon which the major fisheries of 
the world depend. Hence in a region where the surface is contaminated by 
radioactivity, these primary food substances, derived in part from deeply sub- 
merged waters, may contain a somewhat lower level of activity than plankton 
in a region where upwelling does not occur. On the other hand, disposal of 
radioactive materials, accident to nuclear-powered vessels, or the use of deep 
ASW weapons, which may introduce radioactivity below the mixed layers will, 
through the process of upwelling introduce radioactivity directly into the surface 
food chain. 

13. In addition, marine organisms migrate vertically more than 1,000 feet 
between day and night and from this migration there may be appreciable trans- 
port of radioactive material that is in the food chain, particularly because of the 
capacity of the organisms to concentrate certain isotopes. In the cruise of the 
Taney (see reference, United States Atomic Energy Commission, 1956), it was 
apparent that the activity of the organisms is not only influenced by the imme- 
diate water in which they are found but also by the underlying and adjacent 
water masses. 

14. The ocean is a concentrated salt solution, which contains nearly all of the 
chemical elements either in solution or suspension, just as ordinary rock and 
soil contain all of these elements. However, the concentrations and state of 
these chemical elements in the sea differ in several significant respects from 
these in the soil. For example, radium and its daughter products are almost 
completely absent from ocean water whereas they are more common in rock, and 
almost all elements exist in a form wholly available to organisms, unlike the 
soil and rock where many elements are tied up in unavailable silicate complexes. 
The concentration of various elements in the sea is shown in table 5. 

15. Organisms tend to concentrate certain of the more dilute elements and 
many chemically identical or similar artificially radioactive substances are highly 
concentrated by marine plants and marine animals, An example of such con- 
centration is the case of Co—60 and Zn-65. 

Two long-lived radioactive isotopes that are present in fallout, but are not 
fission products, are cobalt 60 and zine 65. Cobalt 60 has a half life of 5.3 years, 
zine 65 has a half life of 250 days. Both are beta and gamma emitters. Although 
the total quantities of these substances produced by the explosions is small com- 
pared to the fission products they are very highly concentrated in marine food 
animals. Amounts as high as one-third of a microcurie of cobalt 60 were found 
in the liver of an 8-inch clam from a location in the Marshall Islands about 80 
miles from the location of an explosion 2 years before. The average cobalt 60 
in three samples of clam livers was about 1.5 microcuries per pound (0.003 micro- 
curie per gram). The factor of concentration for cobalt in these animals may be 
several hundred thousand over the amount in the water because radiocobalt 
could not be detected in the surrounding water or in thé sand of the reef. Traces 
of cobalt, of course, are essential for nutrition of all animals and are a con- 
Stituent of vitamin By». Zine 65 is concentrated by food fishes by a factor of 
several thousand over the amount in sea water. The highest concentration is 
found in the liver, spleen, and skin. The average amount found in these organs 
of a parrot fish and a snapper from the same lagoon as the high-cobalt clam was 
about 0.7 microcurie per pound (0.0014 microcurie per gram). A tuna from the 
open sea in the same general area had about twice as much zine per unit weight 
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as these lagoon fishes. The amounts in the fish flesh were lower by a factor 
of 10 than those in the internal organs and the skin. Considerably more than 
half of the activity was radiocobalt in the clams and radiozinc in the fish. The 
fish contained about 10 times as much zine as cobalt whereas the mollusks con- 
tained considerably more cobalt than zinc. 

From the standpoint of the possible hazard to human beings who might eat 
these heavily contaminated clams or fish it should be remembered that the bio- 
logical half life in human bodies is only about 10 days for cobalt and zinc, while 
half of the strontium 90 ingested remains for nearly 10 years. As a result, the 
maximum permissible concentrations for radiozine and cobalt are about 100,000 
times that for radiostrontium (for children, 6 x 10 we Zn-65/gram and 1.8 x 10-3 
ue Co-60/gram). 

Although strontium 90 makes up about 5 percent of the activity of fission prod- 
ucts at the end of 2 years, it was found in fairly low amounts in the organisms 
of the Marshall Islands lagoons. Principal fission products in these organisms, 
other than cobalt and zinc, were cerium, praesodynium, and ruthenium. This 
relatively low level of strontium 90 probably results from the rich calcium supply. 
The biological concentrations of certain chemical elements are shown in table 6. 
The effect of a rich calcium supply on strontium uptake is shown in tables 7 and 
7a, where only the highly calcareous soils of the coral atolls compare with the 
condition in the sea. 

16. Table 8 shows several of the important effects discussed in the foregoing. 
In a region of intense close-in fallout over the sea the Sr-90 is relatively unim- 
portant in fish because of mixing and dilution with calcium and because of dis- 
crimination against strontium by fish. Zine 65, on the other hand, ean be far 
more important because of the low level of zine in sea water and the concentra- 
tion of zinc by marine organisms, 

17. The marked differences in the concentration of various radioactive sub- 
stances in different parts of marine organisms should be considered, for in the 
case of some marine organisms not only the flesh but the skin, viscera, and bones 
are eaten. Table 9 shows added information on the great variation of activity 
between tissues of marine organisms. 

18. Insofar as marine plants and animals are concerned we must distinguish 
between pelagic organisms, which, although many of them are vertically migra- 
tory, can absorb fission products only from water in which they immediately 
move, and fixed animals and plants such as oysters, mussels, other shellfish, and 
kelp, which filter great quantities of water as it moves by them. Some insoluble 
or precipitated radioactivity tends to be concentrated on the bottom just as it is 
concentrated on the land surface. Thus the levels of radioactivity to which 
bottom-dwelling organisms are subjected may be somewhat higher than the 
pelagic organisms experience. In the lagoons of the Marshall Islands the fish 
living freely in the waters of the lagoons show beta activity less than that of 
the bottom-dwelling gastropods. The organisms living in the adjacent sea areas 
show a level similar to those of free-swimming fish in the lagoon. 

Thus different problems may be associated with commercial fisheries that take 
benthic or bottom-dwelling organisms and the fisheries for pelagic creatures. In 
addition, many of the benthic fisheries are below the thermocline and subjected 
to the effect of deep rather than shallow contamination. 

19. In considering the distribution of weapon-produced radioactivity between 
the upper and lower levels of the ocean, attention must be paid to the size 
and location of the weapons; for example, a deep underwater burst of a nominal 
weapon will leave approximately two-thirds of the radioactivity below the sur- 
face layers and only one-third in the surface layers. 

20. In addition to radioactive fallout from the explosion of nuclear weapons, 
we must also consider the disposal of radioactive wastes at sea particularly in 
coastal shallow waters and the possible hazard arising from accidents; for exam- 
ple, the sinking of nuclear-powered ships and the accidents to reactors located 
near the sea and using ocean cooling waters. 

If and when an appreciable part of the world’s merchant fleet is powered 
by nuclear reactors, serious hazards may arise in confined waters from colli- 
sions in which the reactor is damaged and the fuel elements with their con- 
tained fission products are lost in the water. Suppose for example that a 50,000- 
kilowatt reactor (probably fairly typical for a large fast freighter) has been 
in service without refueling for 1 year on a ship that has spent half its time 
underway. Approximately 10 kilograms of fissionable material will have been 
used up and the total amount of fission products will be approximately 10° 
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curies. If, owing to a collision, the reactor is lost in a harbor, say 8 miles long 
by 3 miles wide by 50 feet depth, and the fission products become uniformly 
distributed, the water in the harbor would contain 10° curies per cubic meter 
giving an almost constant radiation dose of about .5 r per day on the surface. 
Dock pilings, ship bottoms, and other structures covered with fouling organisms 
would accumulate a much higher level of radioactivity, and, of course, local 
concentration in the water may be extremely high. 

21. Food habits of different nations must be taken into account in evaluating 
the hazards to human beings from fallout over the oceans. This is particularly 
true in the case of the Japanese, who obtain about one-third of their calcium 
from marine fisheries, Table 10 shows the sources of calcium in the Japanese 
diet. 

To accomodate these differences we must investigate the differences between 
the terrestrial and marine uptake problems for specific isotopes. For example, 
coming specifically to the strontium 90 problem we have made a comparison 
between the strontium 90 that will be obtained from land-derived and ocean- 
derived foods in table 7. 

Three factors enter into this: (1) The n-ch higher concentration of caleium 
in soils than in sea water, (2) a dissemination of strontium 90 from fallout 
in a much greater volume of water in the ccean than soil on land, and (3) the 
different amount of discrimination against strontium in fish than, for example, 
in milk cows. 

22. Although maximum permissible concentration has been established for 
most radioactive substances, recent evidence indicates that much smaller 
amounts of radioactivities do produce physiological effects, for example leu- 
kemia. 

23. Introduction of radioactive substances in the ocean has beneficial as well 
as harmful effects in so far as it enables us to use tracer techniques in the 
study of the movement of the water and the life cycles and metabolism of 
marine organisms. As an example figure 1 indicates the intrusion of a clean 
water mass along the level of high stability and the persistence of deep activity 
around Bikini Atoll 2 years after an event. 


TABLE 1—Apparent effect of runoff on activity of nearshore ocean water— 
Samples of suspended sediment * 














Activity 
Date of collection 1957 Preceding weather 
Zr, Nb | Ru, Rh K # 
WOR TIE, 6 = chi ccccatcnciandaces OM, CIP cian datcscsiicaneaenutes 5,000 1, 200 900 
RA Se URO NW: idicasndsciccacswcifacses OE 5. iss soicnemmnalimancpanadinst 2, 000 900 900 
OS ee ee eee 2 es ee ees 11, 000 4, 000 900 
EEG SR i ckcscancsacatssecccouss Heavy swell, intense rain_..........- 22, 000 2, 300 900 





1 Collected by filtering water from about 300 meters offshore at La Jolla where the sediment concentra- 
tion is 10-30 p. p. m. of the seawater (from unpublished data T. R. Folsom). 
3 Gammas/minute/kilogram of sediment determined by gamma spectrometer, 


Taste 2.—Radioactivity of sea water 





Specific ac- 
tivity— Total Total ac- Energy of 
Nuclide Concentra- | Numberof | amount in tivity in ¥ radiation 
tion (g cm.~) | of disintegra- | ocean (mega- | ocean (mega- (MEV.) 
tions (cm,-% tons) curies) 
sec.-!) 

4.5X10-8 1.2107 63, 000 460, 000 #15 
8. 410-8 2. 210-4 118, 060 8, 400 No. ¥ 
2.010% >1x10-4 2, 800 3, 800 -05-. 82 
1.5X10-1 63x10% 21 110 . 06-.18 
10-11 ’2x10-7 14 8 -03-. 08 
DE Se oe oe ee em 3.010-16 ’3x10-5 4.2X10-4 1, 100 .18-. 60 
Oe cncaidc Pateaienig sk cemicmae 4X10-17 7X10-¢ §.6X10-8 270 Noy 
aaa 8X10-20 2.5X10-% 1.5X10-° 12 Noy 





e y/8=0.1. 
* Activity of nuclide+daughter products, 
¢ Only in top 60-100 meters of the ocean. 
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TABLE 3.—Radiations in 12 radiological domains 


Man over granite: Total mrads/year 
1. At 10,000’ elevation : Cosmic rays 100+ granite 90+-internal 17_ =207 
2. At sea surface: Cosmic rays 35-+granite 90+internal 17_____ =142 


Man over sedimentary rock: 3. At sea level: Cosmic rays 35+rock 











oe ERE NINE ce Si eet a lia doch dele ci arian meres aad ae Sra tae eens =75 
Man over sea: 4. Cosmic rays 35+sea 0.5+ (1) internal 17_.-_______ =52 
Man in Swedish concrete house (measured values) : 
Minimum=125 
Mean=220 
Maximum=520 
Large fish in sea : 
5. Near surface: Cosmic rays 35--sea 0.9+ (1) internal 28_____ =—64 
6. 100 meters deep: Cosmic rays 4%4+sea 0.9+ (1) internal 28____ ==80 
Microorganism (mean radius 0.01 mm or less) in water: 
7. Near sea surface: Cosmic rays 35++sea 3.6+- (1) internal (3)_- =39 
8. 100 meters deep in sea or more: Cosmic rays 0.5 sea 3.6-+- (1) 
IE UIE si a ee ee ee =<5 
9. Buried in deep sea sediments: Cosmic rays 0.000+clay 40- 
A a dita ict can aS eemeneeee = Ueuenioeeson = 40-620 
10. Near fresh water surface: Cosmic rays 35+water activity— 
oD NIN sities desea bilak Dearth cee ae ee cea (2) =35 
11. 100 meters deep in a fresh lake: Cosmic rays 0.5+water 
miiriy O04 (2) WORD ok on as cna ene ean (2)=<0.5 
TABLE 4.—Net gamma spectra of organisms—Assumcd radionuclides * 
Organisms Ru!%, Rh'% Zr, Nb*%S | 1.1 Mev? | 1.3 Mev? Ke 
Oceanic: 4 | | | 
Bathypelagic krill ........- 0 0 43 0 660 
Planktonic barnacle_......-- 200 480 23 0 210 
Benthic: | 
Commercial shrimp *......-- 12) 200 0 0 640 
- Abalone WOT Sas seeacesene 130 100 400 140 569 
PNR SSS Re aa 300 750 ND ND 430 
TEA a Be oe oe 1, 300 600 ND ND 960 
IR ee noe! 260 560 ND ND 960 


| 


1 Activity in gammas/min/Kg wet weight based on lines occurring at proper energy, but without chemical 
identification. (T. R. Folsom, in work.) 

2 Possibly Co®’+Zn®, 

3 Possibly Co*. 

4 Deep water off California. 

6 From midwater at 1,000 meters, 

* From Gulf of California. 

1 From 10-foot depth off La Jolla. 

§ From surface fronds off La Jolla. 

* From tidal flats Gulf-of California. 
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TABLE 5.—Concentrations of chemical elements in atoms per million atoms of 
chlorine in the marine hydrosphere 































Element | mg/1 | Atoms/10° atoms Cl | Element mg/1 Atoms/10° atoms Cl 
i a eee ca a 
\| 
PEE tan cntcicinal 108, 000 202, 000, 000 . 002 .07 
Pvuseknomens _ . 0004 F 01 aa 
BAGS pdesceans 2 50 - 0005 .02 
PG os skncane lonntindan omndees tendaaeaeeeen . 0005 .02 
| ea 4.8 #30 . 003 .09 
Wi an Reaweun 28 4, 300 01 is 
N....--------- 5 70 - 0005 01 
Pe caeatamainn 857, 000 100, 000, 000 | 0001 . 003 
ek aitatanas 1.3 130 . 003 .07 
Meee oases } . 0003 03 | 
NIRA ataicelndeaisel 10, 500 850, 000 
De acghiintcn 1, 300 100, 000 
Ee htcliaiare cts sas Ol a } 
Pi dindacnanne 3 200 
Peo siesriss 07 4 | 
8. ....-.--- anal 900 52, 000 | 
ewatidds deine 19, 000 1, 000, 000 
Re snmasposas Can ge tan eo adun Lmaaee ace meaner te 
Mica hares teense 380 18, 000 i| 
ied 400 19, 000 | 
DeJshuxamenian . 00004 . 002 1} 
Ti éécenouses . 001 04 \| 
Me a sevncne . 003 . 0005 
CE. Svat ieceiw . 000055 .0009 | 
oe 02 3 \| 
. 003 05 | 
. 0005 .008 | 
05 és 
Se ake. Mukai aca an is a re ee 
09 | 1.2 
0003 . 004 
004 . 005 
PU ncccccccn< leccnncdenbetdese lesssdncsddentuensene 
Kcadennnacwadeee lesccenenenesedadosse 8.0X10-"4 
eenccnwnnaccoesn|acsasececeneesecanc= 2.0X10-10 
ccnickmar ce teen cbedi ieee 006 
C01 JOR AD BR vcccacamtcchodctcnnsencceeus bcdusecboteensaeees 
00005 | 002 .02 











Taste 6.—Approxrimate concentration factors of different elements in members 
of the marine biosphere—The concentration factors are based on a live weight 
basis 








Concentration factors 
Concen- 


tration in 
Element Form in seawater | seawater | Algae Invertebrates Vertebrates 
(micro- 

grams/1.) 








Soft Skeletal Soft Skeletal 








1 0.5 0 0. 07 1 

25 10.0 0 5 20 

1 Ey rerteete nd! ss entices 7 

1,000 10.0 1, 000 1 200 

20 10.0 1, 000 1 200 

100 | 5,000.0 1,000 | 1,000 30, 000 

100 | 5,000.0 5,000 } 1,000 1, 000 

20, 000 | 10, 000.0 100, 000 | 1,000 5, 000 

500 200.0 200 100 0 
Di cepaacanacdemwated Ionie-particulate. . 10 10 WO Ei 20 
(a tate sed areas icentieeiiigioreel CTF nas schlager iagidigcmaits 1 1, 000 ING! Txacdoosane 20 
? Leet ECR bac 40 

BO Litanwdaacs Potienniinscadccksadseneenaia 

10, 000 | 10, 000.0 10, 000 |40, 000 2, 000, 000 

10 5.0 1 a 
10, 000 100.0 50 10 








NoTE.—The data in this table were prineipally gathered from Vinogradov (1953), unpublished results 
of E. Goldberg and Laevastu and Thompson (1956). 
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TABLE 7.—Factors of Sr-90/Ca concentration for conditions of equal fallout 








(Sr-90/Ca, | Present con- 








Material soil=1) centration ! 
curies/grm 
Ca 

RO BOL CW INGONI) 6 oo i cee cenckctawscentapansndcnsnccensenumansoegn 1 3x 10-11 
RIS nnn ne cecn cnn cnncennwccncascnnnctncesnscecednedeédudecacssssesdadses hs Se eC ee 
PI OND. i ccnttntecocbtnwss ne cenkecscecadecespaneensanuk GW ‘Rswaasncsdence 
ERTS PIERS | en ee en ese Dene re Sane ee oe es 0.10 3x 1072 
NE et oad Jinuaw adnan acenn ee pe eniansenh peangaaneaanaen 0.005 1,5 x 1078 
I odor Sciicacdns cccnnsnceuvuniechieqnaseanndddadanaueeeauembee 0.0015 |....-- 
RIN 2 i .cuccudnicnenuasaduus eherGnc cena nndaetewaanes enews 0. 0005 1.5 x 10-4 
RE Be ib oii neice cu neieteues sci ggpenacsagnaiednaganweeseues nbauean aeoennn ebbueeeenecedan 
All Ca from fertilizer (.02 gm/c OORT ORE FT SINS ET h!* Uséceewedcon 
a I 8 ie 5 So a sc cet eke omanne aeeeeeawamp id dibaa seam RS. bisiccccesecas 
Highly calcareous soil (Marsh¢ CD 3... scacecthaseg oes om eaeasaeiee daca 0. 003 








1 For 25 MT worldwide fallout, 


TasBLe 7-A.—Radioactivity levels in nearby fallout area as of February 1955 


























Median Median Median Median 
Item total B- Sr90 Item total B- Sr90 
uc/gm pue/gm uc/gm uc/gm 
Lagoon: Islands—Continued 
Large fish........ SIS casce 9X10-8 BOTOR. cniniewnseee Pe cracks ae Uecatasinuiireicceuteets 
Small fish........ I sic stondatcamiiniaestaiianditn Coconuts_.......- + 4g 1x10"? 
ree Oe Cane. 5 BIO ..g wines bewadencnnsscm Arrowroot.......- BIO sean 1X10-7 
cee Bt eo onan 1X10-4 Pandanus. ......- TRO t coke 6X<10-7 
eee. 3 4 4x10-7 POORTR. <..<<cccas SxS... cc. 8x10-3 
ree 2.8X10-8_.... 9X 10-8 | Breadfruit___....- Sia tas ke ee 
Plankton........- SIS. ..<0. 9xX10-8 Morinda fruit....| 7X10-8....-- 1X10-4 
Islands: |} Ocean: 
Et PN a ainnscnien | | CR cds ND 
Fresh water algae_| 7X 10-8__..-- 4X10-6 | ENS S14 ccs ND 
Fresh water....-.- SIS cee 8X10-8 | PRION owdaes OHIO cin ND 
Ist inch soil_.....- Seip e......... 2X10-5 | WME ccscansanabe OIF cones ND 
OE a sisccicien GG cacnbentbnibaesn ee | 








Table 8.—Sr-90 in nearby fallout (assuming no fractionation from fission 






































products) 
Sea water, Whole fish, Proportion 
curies/em,3 curies/gram Ca uw curies/gram MPD! 
flesh 
DN ne cncess acne 1.1.x 10-7 2.7 x 10-8 6.6x 10-7 8.0 
| PEE 6.0 x 10-9 1.5x10-% 3.8 x 10-8 0.5 
Minimum 2.0 x 10-2 5.0 x 10-13 1.2 x 10-1! 0. 00015 
| | 
———— ———— 
curies/em.? Land, Wisconsin, Milk, Proportion 
curies/gram Ca » curies/gram MPD! 
Maximum_..--.-....-- 1.1 x 10-7 5.4x 104 6.5 x 10-4 8, 000 
i 6.0 x 10-9 3.0 ae 3.6 x 10-5 500 
UN oe weal 2.0 x 10-28 1,0 x 10-10 1.2x 10 0.15 





Zn-65 in same fallout (assuming Zn-65 induced in equal atom yield to Sr-90) 





Fish flesh 
Fish liver, 











curles/em? curles/gram Zn proportion 
n c/gram Proportion MPD! 
MPD! 
Maximum............- 5 x10- 1.0x10-! 1.0 300 8, 000 
RS ee a 2.7 x 10-7 5.4 x 10-8 §.4x 10-7 18 189 
Minimum............- 9.0 x 10-1 1.8 x 10-4 1.8x 10-5 0. 006 0. 06 





1 For children, 
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TABLE 9.—Variation of radioactivity in different parts of a single fish? 


: Gama activity 
BOOyY POM acc ccacesdindecmnnecaccuaeeeaueese eee (?) 
FE insane aes aceite ig lean eeicia ae gana lancet. ea Seam 1, 069 
SeOOReh Od COntOiGites casei Sos eb eea ene 320 
- aa ia os ccs carcasses le ncc aceasta aaa stein einai 60 
1 Me cesctihisinaapcc cian cae a ea aaa i arg ia ee eae 40 
‘ i mecca bcp crenata edges sa sisah hata eaa ead ed asa pas anid needa npc 2, 200 
: Ee I as artes sds Dacre alain cco peak 440 
: DU se cs nissan ada aoa acpi = chal ea aaa cap geet 100 
, "SOM T coceceietoen tac eee eee 200 
OTS sania wcicie neta cicined cna abe ea eee eee 60 


1 Snapper collected in Marshall Island lagoon April 1956, and counted immediately. 
$d/m/gm of wet weight. 


TABLE 10.—Arerage per capita daily intake of calcium in Japan from Hiyama, Y; 
maximum permissible concentration of Sr-90 in food and its environment, 
Records of Oceanographic Work in Japan, vol. 3, 1956 









































Kind of food Ca (mg.) Sr/Ca by weight 
ERs TAA... occas intesscceusensnene~soudeweonscemeaaaee 120 1/100 
PROGRES Ties cisitdcnndetendinttcinnicinas disubccdheian 5 1/100 
Te TE QUOI iin tiene iasatcnsuatusbecsuususdusonendedaindaiaaae 150 1/1,000 
Vegetable; Milk, GG OGRE. 5. .oicicncccdcnddcnkepernneebeieailes 100 1/1,000 
DUEL. ..cacaccccddiicsmignnentisémnnanaeedaamenl 375 Macesnsingieniiigiansbucceimaihes 
, Pr noipes isotopes fren om slow neutron saan of 1 kilogram U-235 
| a cicaininicioaatan Se cmiaseenipcetitigeaapie ain ioichinen 
Isotope | Per- Activity in | Isotope Per- | Activity in 
cent curies cent curies 
1 day, 3.22 10* curies: 20 days, 9.8X10° curies 
Niches 12.5 40. 3108 —Continued 
MT « iichuinahadnhn 9.7 31. 2108 cond dtsnedcmeaies , 4.9108 
&.9 28.7108 SIO g cick chaececeacnated h 4.3105 
7.5 24. 2 108 Be csissesisnicinivecpsclnitbinthins | 4.1X105 
7.3 23. 5X 108 CP cconcasceses . 2.3105 
6.7 21. 6108 Ce-144-Pr-144- -. . 6 2.6108 
6.7 21.6108 Mo-99_.......- a 1.3105 
5.7 18. 3X 108 SEPT ac deecinintlticscacinatichaes . 0! 1.0108 
5.6 18. 0X10 a 
4.1 13. 2X 106 SR ccresicecie . 9. 511080 
3.0 9.7108 || 1 year, 3.1105 curies: 
3.0 9.7X108 Oo-iit-F 0-344... 52.8 164X108 
2.7 8.7X10° TI Soc hhh hie ctectedeecies 14.7 45.6108 
2.6 8.4108 Pa nicacRindcaceanes 7.2 22.4108 
1.45 4.7X10° | Pixs ccxtdiniesnincetoereatataie 5.7 17.7108 
1,35 | 4.4X108 | Ne a cea ca 3.8 11. 8X 108 
1.35 | 4.4106 SE sad ak cba cnaandeire 2.7 8.4x108 
1, 25 4.0108 Ru-106-Rh-106__-..---- 4.9 15. 2108 
1, 22 3.9108 Sr-90-Y-90_ ___- 3.7 11. 5108 
0. 90 2. 9X 108 Ca-137-Ba-137_. 2.9 9.0108 
—_— PS cciutcuhawkaawed 0.8 2.5108 
RO. osu ctkcnnaemdion 95, 52 3.01 108C PRP Pndeisnscdaccatl 0.8 2.5108 
20 days, 9.810 curies —_—— | 
RAPED: Schthcceeinaie 13.9 13. 6105 Total. spins DOR 3.1105C 
DOI swicavesartaatcose 12.0 11.8X105 || 20 years, 9. 8X 108 curies: 
RES: 12.0 11.8X105 BO FOB. vcccccass 48 47X10! 
Lg | aa 9.7 9. 5105 Cs-137, GMAT. ccccoues 45 44103 
PEMA ME cutee aaspikslaipemaed 6.3 6. 2105 ee 3.4 3.3103 
BG Si Si ntieeencieaone 5.9 5.8105 PU cb teanntiadeoes 2.6 2. 510? 
MOS wkd cieccdde ade 5.6 5.5105 PHO w ccanttntinwhictns 1. 23 1.2108 
| | Pea 5.6 5.5105 ——_ \-- - 
ROG ck cAciteseaaneaan 5.0 4.9X105 Tote oieeesiesd 100. 23 9. 8X108O 
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11. Craig, Harmon, Isotopic Tracer Techniques for Measurement of Physical 
Processes in the Sea and the Atmosphere. 
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Dr. Reverie. I would like to begin, Mr. Chairman, by making 
some generalities about the ocean. These are all platitudes, but we 
have to keep them in mind in considering the problem of radio- 
activity in the ocean. In the first place, the ocean is very large and 
very deep. It covers about 71 percent of the earth’s surface, and 
its average depth is 4,200 meters or about 14,000 feet. Second, it is 
« highly concentrated salt solution. It contains almost all of the 
known chemical elements, many of them, however, in very small 
quantities. 

Third, the ocean is stratified, that is, there is subsurface mixed 
layer on the average somewhat less than 300 feet thick, and below 
this is a series of layers of increasing density which have relatively 
little communication with each other, except in high latitudes and 
along the shores. The surface mixed layer, the top 300 feet, is of 
principal interest to human beings because it is in this layer that 
most of the organisms, most of the marine plants and animals that 
constitute the ocean harvest, live at least most of the time. There 
is very rapid mixing within the top layer, and very slow mixing be- 
tween the upper layer and the depth. 

Fourth, there is a very low level of natural radioactivity in the 
ocean. ‘The natural radioactive substances such as potassium 40 are 
present only to the extent of one one-hundredth—the total of all 
natural radioactive substances in the ocean is only about one one- 
hundredth of that on land in terms of their radioactivity. 

As a result both sailors and fish have a much lower level of exposure 
to natural radiation than any other creatures living on the earth. 

Representative Hourriep. I assume that is true except on the Lucky 
Dragon. 

Dr. Reverie. That is right. I said natural radioactivity. 

Fifth, most fallout ends up in the ocean. This is true for 3 reasons. 
Tn the first place, a large part of the tests of nuclear weapons have 
been conducted over the ocean—those tests conducted by the United 
States and the British. The close-in fallout nearly all falls over the 
sea. Because the ocean covers 71 percent of the earth’s surface, a very 
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large part, up to 71 percent but probably somewhat less, of the strato- 
spheric fallout falls in the ocean. As far as the distant so-called 
tropospheric fallout is concerned, the portion is less than 71 percent, 
because of the higher percentage of land in the Northern Hemisphere, 
but still probably about 50 percent. 

The rapid mixing to somewhere between 50 and 100 meters of the 
ocean means that fallout falling on the sea surface rapidly is diluted 
down to this depth. In the trade-wind region it takes about 30 hours 
for very small particles to be thoroughly mixed in the top hundred 
meters. This gives great protection to ships and to anybody on the 
surface of the sea, provided the fallout does not actually end up on 
him or his ship. The fallout ending up on the surface of the ocean 
represents a hazard from external radiation of a fifth to a hundredth 
of the corresponding fallout on the land. During the first half hour 
after fallout the factor of protection is about five; that is, the amount 
of the radiation is about one-fifth or about 20 percent of that from a 
land surface. After the first half hour the amount of radiation re- 
ceived.is only about one hundredth. 

The waters of the ocean move, but they move very sluggishly. The 
average speed of the surface currents is about 0.5 of a mile per hour 
to 1 mile per hour. That is somewhere between 12 and 24 miles per 
day. The mixing between the upper and lower layers probably takes 
something of the order of 200 to 500 years to occur. ‘This is true except 
in areas of upwelling along the shores of the ocean where water of 
intermediate depths comes up to the surface in considerably greater 
speeds but still quite slowly—only 1 or 2 meters a day. 

Representative Horirrerp. Are there areas in the deepest part of 
the ocean where the water remains permanently there and does not 
come up to the surface as far as you know ? 

Dr. Reverie. Not as far as we know. But the best chance for 
finding deep water that has been there for perhaps as much as 1,000 
years is in some parts of the Pacific Ocean. So far we have not really 
carried out enough investigations to know how long it does stay down. 

Representative Hotirretp. No doubt you realize the reason for my 
question is the problem of disposal of radioactive wastes. Of course, 
that will be testified to later. We have some testimony on the disposal 
of radioactive wastes, but I thought I would take this opportunity in 
view of the fact that you are speaking on the ocean phenomena to 
asi you that question. 

Dr. Reverie. As a matter of fact, I have given a great deal of 
thought to this. I am the chairman of the National Academy of 
Sciences’ Committee on the Effects of Radiation in Oceanography and 
Fisheries, and this is one of the questions that we have been very much 
concerned with. I believe that certainly some protection can be 
gained even from fairly long-lived fission products by putting them 
into the deep sea. But the question of how much protection depends 
on a whole series of unknowns, and one of these certainly is the rate 
at which the deep water moves up to the surface. We think that in 
the Pacific it may be perhaps more than 500 years, although there 
is a very large factor of uncertainty. 

More important probably than the rate at which the deep and 
surface waters mix is the fact that the deep waters themselves mix, 
and become fairly well homogenized over very large volumes so that 
the concentration of radioactivity might be quite low. The thing 
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which bothers us, as I will point out in a minute, is that the marine 
organisms concentrate radioactivity by a very large factor. 

I might also point out that the marine organisms, unlike the waters, 
move fairly rapidly. Many of them conduct a vertical migration 
between day and night over a depth of 1,000 or 2,000 feet. They move 
up to the surface in the night and down to a depth of several hundred 
fathoms during the day. Many of the fish we are interested in, such 
as tuna, marlin, sailfish, bonito, skipjack, and salmon, migrate over 
very large horizontal distances. ‘This is also true of the marine mam- 
mais such as the whales. 

Representative Horirretp. Do they feed on any of the marine life 
that moves vertically up and down? 

Dr. Revetie. Yes, sir, they do indeed; particularly the whalebone 
whales, and the tunas feed almost exclusively on these smaller organ- 
isms which do migrate over depths that I have mentioned. 

Representative Horirmip. What are the natures of some of the 
small organisms? You are not referring to plankton ? 

Dr. Reverie. I am referring to zooplankton and other invertebrates 
which swim, such as the squid. In tropical regions of the Pacific very 
large tuna are obtained by the Japanese at considerable depths below 
the surface during the daytime and presumably the big tunas are 
down there, because that is where their food supply is, although this 
is not very well known, either. I do not want you to get me wrong. 
We really know very little about the ocean. Everything I say is sub- 
ject to a good deal of uncertainty. 

Representaitve Hotirietp. That is spoken like a true scientist. I 
think any scienist who testifies before us disclaims any knowledge 
whatever of the subject upon which he is testifying. We take that 
as modesty and we would rather have you that way than the other 
way. 

Dr. Revetrn. As a matter of fact, in my case it is not modesty. It 
is just a simple statement of fact. Oceanographers are masters of not 
knowing very much about what they are doing. One of the things 
that is very often said, and I think with complete justification, is that 
we know less about the bottom of the ocean than we do about the surface 
of the moon. 

Although the ocean has almost every substance in it, many of these 
substances, as I pointed out a minute ago, are present in very low 
concentration. Hence in order to live marine organisms have to con- 
centrate the substances they need for their growth from sea water. 
Often they concentrate such substances—these trace substances—by 
factors of many thousand times. This necessity for concentrating 
trace substances from sea water means that the marine organisms are 
especially adapted for doing this job, and it means they will concen- 
trate other substances present in small concentrations, such as arti- 
fically radioactive substances originating from fallout, or in other 
ways also by factors of many hundreds to many thousand of times. 

What is the significance of these generalities? I have stated nearly 
everything I can in my prepared statement, but perhaps we might 
summarize some aspects of this problem of the significance. Coming 
first to the close-in fallout, even several months after a major weapons 
test there is a relatively high level of fallout within 500 to 1,000 
miles of the test site for a period of at least a few months. This 
depends, in the case of the Marshall Islands area, on the sluggish 
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nature of the motion of the water. Here I have shown on this chart 
the surface currents in the neighborhood of Bikini Atoll. Here is 
Bikini. Here is Eniwetok. Kwajalein gives you some idea of the 
scale of the chart. The green lines show the surface current and the 
red lines currents at a depth of about 1,000 feet. 

We see that the surface currents are somewhat disturbed by the ex- 
istence of the atolls. But in general we have a motion from east to 
west of the order of half a mile per hour, or about 12 miles per day. 
At a depth of about a thousand feet, there is a very much more 
obvious effect ef the existence of the islands. We see a great eddy in 
the neighborhood of Bikini Atoll. The water, instead of moving past 
the atoll, tends to stay in this area right around the atoll for a very 
considerable length of time. 

As a result of this difference in the circulation near the surface and 
at depth, a graph in my statement shows that in fact after 2 years the 
concentration of radioactive substances in the neighborhood of Bikini 
is much higher at depth than at the surface by a factor of 2 or 3. It is 
quite low, however, at all depths. That is 2 years after a test. 

tepresentative Horirienp. Is that strong enough to affect the edi- 
bility of the fish in that area? 

Dr. Reverie. Yes, sir, it certainly is, as I will show you in just a 
few minutes. I simply want to point out here the relatively sluggish 
motion of the currents, which means that the fallout tends to stay in 
this general area, but is diffused laterally and as I pointed out, verti- 
cally in the top 100 meters. 

I am sorry the next chart is on such a small scale, but these will be 
left with you. This small scale has the great advantage that it shows 
how big the ocean is. This is the water hemisphere covering just 
about half the earth—the Pacific Ocean. In this area in here this is 
Bikini, here is Japan, the Philippines, New Guinea, Australia, United 
States, and South America. This area of 1,000 miles around Bikini 
was carefully investigated by Japanese oceanographers and biologists 
4 months after the Castle test. They got figures like this in the water: 
23,000, 90,000, 79,000, 26,000 disintegrations per minute per liter of 
sea water. The values that we are talking eau here are values of 
the order of one one-hundredth to three one-hundredths of a micro- 
curie per liter of water 4 months after a test. The distribution was 
quite spotty as we go along this time. (See folding chart, p. 551.) 

I will read some numbers—5,100, 90,000, 14,000, 16,000, 23,800, 
and 16,500. This is ata distance of about 300 miles. 

Representative Horirievp. Is that measurement of quantities of 
sea water ? 

Dr. Revetie. Those are disintegrations per minute of radioactive 
material. 

Representative Hontrietp. Ina certain amount of sea water. 

Dr. Revettr. In a quart of sea water. This is about 300 miles west 
of Bikini Atoll. When we go a thousand miles west of Bikini, we get 
much smaller values. The biggest one here is about 4,500 disintegra- 
tions per minute per liter. 

Representative Hoiirretp. What is the natural disintegration per 
minute per liter? 

Dr. Reverie. In the water itself, due to the natural radioactivity, 
if we are talking about gamma radiation, it is about 50 disintegrations 
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per minute per liter. For gamma plus beta about 10 times this amount, 
or about 500; 70, I guess, is a better figure than 50. You can see over 
a distance of several hundred miles, the amount of radioactivity in 
the water was as much as a hundred times greater than the natural 
radioactivity. The radioactivity in fish caught in this area was very 
widely variable. One fish caught here about 100 miles west of Bikini 
had between three and four hundredths of a microcurie per gram in 
its liver. In other words, about 10 microcuries per pound of fish liver. 

Chairman Durnam. That is a much more rapid disintegration in 
sea water than it is on land. 

Dr. Revetie. It is a more rapid disperson because of the mixing, 
as I pointed out, down to a hundred meters, and because of the hori- 
zontal spreading of the water. 

Chairman Durnam. It does not have any effect on the half life. 

Dr. Reverie. It does not have any effect on the half life, except 
that you do get some separation due primarily to the fact that some 
materials are larger than others, and settle to great depths. 

Thirteen months after the test, the situation is shown by the next 
chart. This shows the result of a cruise conducted by the Atomic 
Energy Commission and the Office of Naval Research in which ocean- 
ographic work was done by Dr. Wooster and others of my institution, 
and the radioactivity measurements were made by the New York 
operations office of the AEC under the direction of Dr. Harley. By 
this time, 13 months later, the radioactivity had moved all the way to 
Japan, but it was present in very much smaller concentrations. The 
maximum was olf the Philippines, where about 5 times background 
was obtained. Mostly the values were only a couple of times back- 
ground, (See p. 551.) 

Representative Hortrretp. Would that be sufficient strength to af- 
fect the edibility of the fish in that area? 

Dr. Revettr. I am not sure it would affect the edibility, but it cer- 
tainly affects the radioactivity of the fish. 

Representative Horirirtp. Would the measurement in the areas 
where fishing is done for food be detrimental to the human body ? 

Dr. Reverie. It is my opinion that they probably were not, this 
far away. I will come to some other considerations on this subject 
in justa minute. Actually I would like, if possible, to refer you to one 
of the tables here, if I may. I am not sure I have this figure quite 
straight there. I guess we have not got any table from that far away 
in this particular operation. I should refer you to the report which 
is ote Operation Troll. It is given among my references on page 5, 
United States Atomic Energy Commission, 1956. That is page 5 
of the references. That publication gives the values of the radio- 
activity. Iam sorry I don’t remember them. I simply wanted to use 
this chart to point out how the radioactivity is spread over the course 
of 13 months after the test, and how spotty it is, the maximum being 
over here [indicating on the chart]. 

Representative Horirieip. What are some of those figures ? 

Dr. Revettr. These are disintegrations per minute per liter of 
water in excess of the natural background. The highest value was 
210 off the Philippines. Here, south of Japan, it was 192 distinegra- 
tions per minute per liter of water. In the plankton the disintegra- 
tions are per minute per gram. The highest value was again off the 
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Philippines: 118 disintegrations per minute per gram. The highest 
value, I am sorry, was between the Philippines and Japan. That 
is 137. 

Representative Horirretp. That is in the plankton, you say? 

Dr. Revetix. Two thousand disintegrations per minute would be a 
thousandth of a microcurie. So this is about one ten-thousandth of a 
microcurie per gram of plankton. 

Representative Hoxiriexp. Is it not true that as you go up from the 
plankton to the fish that you get an unusual multiplication of that ¢ 

Dr. Revetiz. It depends entirely on the substance we are talking 
about. 

Representative Horirrevp. If we are talking about plankton that is 
consumed by the lower forms of marine life, and there is a very marked 
increase in concentration—in other words, they collect it and maintain 
that out of the plankton—until its cumulative effect in the higher 
form of marine life is much more marked. Is that not true? 

Dr. Revetie. I don’t think that is so, sir. The actual factors of 
concentration are shown in table 6 of my statement. You will see 
that the vertebrates, which in the sea are primarily fish, do concentrate 
some substances to a much higher degree than the plankton which they 
eat, and this is particularly true of zinc. In the case of strontium, 
the fish discriminate against strontium by about a factor of three. In 
the case of iron again there is a very considerable discrimination in 
the vertebrates as opposed to the invertebrates. On the other hand, 
the fish do concentrate phosphorous by a factor of 2 million whereas 
the invertebrates never go above 10,000. So it is not possible to 
make any generalization. We have to investigate every element— 
not every isotope—independently. This depends on how the organism 
absorbs the material, whether it comes to it by simply physical absorp- 
tion or in its food supply and whether he needs the substance for 
growth or for his vital processes, 

These, I should emphasize, are the best estimates that a group of 
us on the National Academy Committee could make. I still would 
not be willing to place a bet at any odds on any one of those figures. 

The next chart shows the distribution of fish catches that had more 
than 100 counts per minute when assayed by the Japanese within the 
first 6 or 7 months after the 1954 test. You can see that unlike the 
water and the plankton, which behaves just like water, the migratory 
fish extend over a very much wider area. On the other hand, most 
of these fish had a relatively small amount of radioactivity in them. 
As I remember, the Japanese monitored 78,000 tons of fish. Only 385 
tons were found to have more than 100 counts per minute with the 
type of equipment they used. (Portion of chart, p. 552.) 

Chairman Durnam. What do you mean by counts? 

Dr. Revet.e. Just the number of counts on the Geiger tube. 

Representative Horirretp. That would not make the fish inedible? 

Dr. Revetiz. This is a matter of opinion. The Japanese discarded 
all these fish. 

Representative Hotirreip. Then it was inedible as far as they were 
concerned. 

Dr. Revetze. If we look at the distribution of radioactivity in the 
fish, remember, only one-half of 1 percent of the fish were found to ba 
radioactive, to give you figures—something like 385 tons were dis- 
carded out of 78,000 tons, Only about 3 or 4 tons, about 1 percent of 
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the discarded fish—0.8 of a percent to be exact—had more than 5,000 
counts per minute; 65 percent had a count of less than 100 counts per 
minute. 

Representative Hotirrerp. Could you tell us if the high counts 
occurred at specific times after the test? That is, did it show a pat- 
tern in relation to any specific test or was it fish that were obtained 
without direct relation to time. 

Dr. Reverie. These were fish that were obtained, I think, within 
the first 7 or 8 months after the first Castle series of tests. In this time 
period there did not seem to be any relationship between the count 
and the time. This is partly due to the fact that we have a rather 
inadequate sample. 

Representative Hortrrerp. You say a rather inadequate or an ade- 
quate sample ? 

Dr. Revetie. A rather inadequate sample. I just do not know. I 
will point out, however, that nobody could sample the ocean better 
than the Japanese. Their fishing is conducted over almost the entire 
ocean and very intensively, in contrast to the United States, where 
about 11 pounds of fish per person are eaten per year, and the Japa- 
nese eat about 80 pounds of fish per person year. 

Representative Hottrierp. This certainly explains to some extent 
part of their concern, because they are dependent upon the sea for 
a substantial part of their diet. 

Dr. Revettz. Yes. As I will try to show in a few minutes, this 
has itself both good and bad aspects from the point of view of radio- 
activity. 

So sane for the charts. A great deal has been said about stron- 
tium 90 and the dangers from it because of its being a long-lived 
fission product which is a bone seeker. One thing that can be said 
from this point of view about the ocean is that strontium 90 in the 
ocean represents a considerably smaller hazard than strontium 90 on 
most soils. 

Chairman Douruam. Has there been the same general increase since 
1952 as has been on the land? 

Dr. Reverie. Remember what I said to begin with. 

Chairman Durnam. That is why I asked the question. 

Dr. Revetir. At least three-quarters of the strontium falls inte 
the ocean. However, it is present in quite low concentrations in the 
ocean compared to the concentration on the land. 

Chairman Durnam. But there has been an increase. 

Dr. Revetie. There certainly has been an increase in principle. 
There are not enough analyses for us to tell you the figures of what 
this increase is, It should be fairly clear cut from an a priori point of 
view. We know it will mostly stay in the surface layers and mostly 
spread throughout the surface layers. 

Representative Hortrretp. Because there is more depth and area in 
the ocean there is more chance for diffusion of fallout than the land, 
which must necessarily concentrate it in the first few inches of soil. 

Dr. Revetie. That is absolutely correct. Table 7 of my statement 
shows this quantitatively. If we compare the soil that Dr. Libby is 
always talking about, the Wisconsin soil—simply because his grou 
on the Sunshine project has made a lot of measurements there—wit 
other substances, you will see that the strontium-to-calcium ratio, if 
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we take it as one in the Wisconsin soil, and one-tenth in milk, in sea 
water will be only 0.005. In fish flesh, because of the fact that there 
is some discrimination against strontium in fish, it will be only 0.0015. 
In whole fish, including the bones, we have a strontium-calcium ratio 
only five ten-thousandths of that which we would find in the Wiscon- 
sin soil, and only five one-thousandths of what we would find in milk. 
It is only the very highly calcareous soils of the Marshall Islands 
region which result in little strontium in the food grown on them. 
It is for this reason that the Japanese eating a lot of fish and obtaining 
about a third of their calcium from fish, means that they are sub- 
jected in terms of food intake to very much less strontium 90 hazard 
than the people of Wisconsin. 

Representative Houirrerp. I think that is a very important state- 
ment, Doctor, because if that statement can be sustained, it disposes 
of what is, I believe, a common belief that there is a great buildup in 
the Japanese people because of their diet of fish. 

Dr. Reverie. I think the facts are, sir, as I attempted to point out, 
that the reverse is probably true from the standpoint of strontium 
alone. The fact that their calcium intake is in large part from fish 
means that they will suffer less hazard from strontium. 

Chairman Durnam. What part of the fish does the strontium 
assimilate itself in mostly ? 

Dr. Revetie. Most of it goes to the bone. However, the strontium- 
calcium ratio in the flesh is higher than in the bone. You often hear 
it said that strontium in the fish bone does not represent a hazard. I 
don’t think this is true. The Japanese, and in fact all of us, eat fish 
bones all the time, not by accident, but by design. Whenever we eat 
a sardine or anchovy or small herring or many little fish, we eat them 
bones and all. We eat the skin which also very often tends to concen- 
trate these radioactive substances. 

Representative Horirrerp. Let me ask you a question which I cer- 
tainly do not understand thoroughly myself. It has been called to 
my attention that the Japanese people are concerned about radioactive 
iodine 131. Could you shed any light upon that particular point ? 

Dr. Revettr. No, I cannot. I would think that this is not a prob- 
lem they would face with their fish catch, although I may be wrong. 
It has such a short life I would think they are primarily concerned 
there with fallout—the tropospheric fallout—reaching them either 
by the winds from the Marshall Islands or from Russia. 

Representative Horirreip. This element would not be collected by 
either the fish or by any vegetation which is grown in the sea. If I 
remember, they do use some of the kelp, do they not, in the sea as an 
element of diet in Japan ? 

Dr. Revette. That is correct. It is certainly concentrated by ma- 
rine organisms. If you look at table 6, you will see that algae con- 
centrate iodine by a factor of 10,000 and vertebrates by a factor of 
about 1,500. 

Representative Hotirireip. Then it would be in some sort of marine 
vegetation rather than fish if it is in existence ? 

Dr. Reverie. That is right. However, the Japanese eat a lot of 
marine plants and algae. Everything you eat in Japan is wrapped 
in seaweed practically. I don’t have any opinions on this subject. 

Representative Horirienp. We will explore that later when we 
get to the medical part of our testimony. 
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Dr. Revettz. We have not considered that because it has such a 
short half life. 

Continuing with the strontium for just a minute, it is clear that 
only that in such calcareous soil as the Marshalls is the hazard from 
strontium 90 less than it is in marine animal foods. This is demon- 
strated in table 7-A, where we have listed the concentrations of 
radioactivity found in marine animals and in the water, in land ani- 
mals and in the soil, and in the open ocean as well as in the lagoons 
from the Marshall Islands area as of February 1955. You will see 
that although the lagoon water had 2.3 times 10 to the minus 6 micro- 
curies per gram, while the soil had 5 times 10 to the minus 3, a factor 
of 2,000 greater for the same amount of material the amount of stron- 
tium—— 

Representative Hortrretp. Which one are you referring to now? 

Dr, Revetie. Just look in general terms there. Just take a quick 
look at all of the figures on table 7-A. First look at the water. No- 
tice how much more radioactivity there is in the soil than in the 
lagoon water, and more in the lagoon water than in the open ocean. 

Second, notice that total radioactivity in the marine animals is just 
about the same as the total radioactivity in the land animals and the 
land plants. ‘These numbers obviously cover quite a range. One gets 
the impression that the radioactivity in the marine animals is about 
the same as it is in the land animals, not only in the lagoon, but alse 
in the open ocean. The marine animals have concentrated the radio- 
activity by a factor of as much as a thousand over that in the water, 
whereas the land animals in general have not concentrated the radio- 
activity, but have less radioactivity than the soil in which they grow. 
So we have just the reverse effect between the marine animals and the 
land animals as opposed to the water and the soil. 

On the other hand, notice the strontium values for the most part 
in the marine organisms are no greater—they are about the same—as 
the strontium values in the land animals. The marine and land ani- 
mals have about the same strontium even though the marine animals 
have concentrated radioactivity relative to the water, whereas the land 
animals have lost radioactivity relative to the soil. In a soil with less 
calcium than the Marshall Islands soils, the land would have relatively 
much more radiostrontium. This is because of this protection that 
marine animals have from strontium because of the fact that the 
strontium-calcium ratio is different between the ocean and ordinary 
soils. 

Representative Hortrretp. There is more calcium available to them ? 

Dr. Revetie. That is right. 

Chairman Duruam. Looking at the water, Doctor, is the water on 
the island used for consumption? I notice your table runs about the 
same with fresh water. 

Dr. Revetie. I don’t know, sir. 

Chairman Durnam. The ocean water runs 9 to 10. 

Dr. Reverie. I am sorry I did not understand your question. 

Chairman Durnam. I asked the question did they use the water on 
the island because of the fact that it carries just about as much stron- 
tium as the salt water does. 

Dr. Reveix. Yes, that is right. I don’t know whether this water 
was used. 
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Chairman Durnam. I should imagine they have to drink water. 

Dr, Reverie. Yes. These were not inhabited islands at the time of 
the measurements. I am afraid I may have confused this, but per- 
haps we can straighten it out in the record. The fact is that the 
strontium is about the same with these very, very calcareous soils, 
and with soils that are less calcareous we have more concentration in 
the land plants and animals than in the marine animals, 

Even with the maximum amount of fallout observed in the Mar- 
shall Islands area, as shown in table 8—remember that this is very 
spotty—nearby fallout very shortly after the test, the fish living in 
that water and keeping the concentration at the maximum would still 
have only eight times the maximum permissible dose in terms of 
microcuries per gram or microcuries per milliliter. Whereas with 
similar fallout on land, milk would contain 8,000 times the maximum 
permissible dose. 

This is just another way of emphasizing the same thing, the great 
advantage that: the people who eat fish have over the people who drink 
milk and get their calcium that way. 

Representative Hotirretp. Jn order to clear up this in order that 
no one may say that this ratio of contamination exists in Wisconsin, 
this would be assuming that we had the same kind of test in Wisconsin 
that we had in the Marshall Islands. 

Dr. Revette. Exactly ; yes. 

Representative Hotirietp. That is a completely hypothetical as- 
sumption and therefore nothing for anyone to take alarm at. 

Dr. Revetie. I should hope not, except that they ought to eat more 
fish. 

In contrast to the strontium problem, there are two substances pro- 
duced by the large weapons tests which are not fission products. One 
of them is cobalt 60, and the other is zinc 65. Zinc and cobalt are a 
necessity for growth. Surprisingly enough, they are very highly 
concentrated by marine organisms, but not by the same organisms, 
You will notice in my statement on page 6, amounts as high as one- 
third of a microcurie of cobalt 60 were found in the liver of an 8-inch 
clam in a location off the Marshall Islands, about 80 miles from the 
location of an explosion 2 years before. The average cobalt 60 in 3 
samples of clam livers was about 114 microcuries per pound. The 
factor of concentration of cobalt in these animals may be several hun- 
dred thousand over the amount in water because radiocobalt could 
not be detected in the surrounding water or in the sand of the reef. In 
other words, these clams and mollusks in general are very much better 
chemists than people are. They are able to make separations very 
much more effectively than we are able to do by any of the presently 
available techniques. 

It should be remembered that traces of cobalt are an essential 
constituent of human life, and are a part of vitamin B-12. It is one 
of the constituents. This concentration of cobalt took place in the 
clams. 

Zinc 65 on the other hand was concentrated by the fish and just about 
to the same extent that the cobalt was in the clams. The highest con- 
centration was found in the internal organs and in the skin. The aver- 
age amounts in these organs of a parrot fish and a snapper were about 
0.7 of a microcurie per pound, or about 0.0014 microcurie per gram. 
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Tuna from the open sea had about twice as much zinc per unit weight 
as these lagoon fish. The amounts in the fish flesh were lower by a 
factor of 10 than those in the internal organs and the skin. Consider- 
ably more than half of the entire radioactivity in the clams was 
radiocobalt and in the fish was radiozinc. The concentration of 
radiocobalt was 10 times higher in the clam and of radiozine 10 times 
higher in the fish. Before we get alarmed about these figures, because 
of the biological half life of both cobalt and zinc being relatively short 
compared to the biological half life of strontium 90, the maximum 
permissible concentrations for radiozine and_radiocabalt are about 
100,000 times those for strontium. For example, these average values 
about 80 miles from the test site 2 years later of about 0.0015 microcurie 
per gram are about a fourth of the average permissible dose for zinc. 
The average concentration of 0.003 microcurie of cobalt was about 
twice the maximum permissible dose for cobalt. 

I would like to say two other things. The first one is that marine 
organisms live in different radiological domains, even with respect 
to artificial radioactivity. Some of the radioactivity settles through 
the water onto the bottom or can settle through the water onto the 
bottom, and bottom living organisms just like organisms on land 
therefore tend to be subject to a higher dose than organisms swimming 
freely in the water. There are such things as clams and other marine 
mollusks which are eaten by many people, including, I hope, by most 

eople in this room. Also, kelp and seaweed. Kelp is very widely 
haneested and used in this country. Every quart of ice cream you eat 
has some algae and kelp in it. These bottom living organisms are 
attached to the bottom through which and across which the water 
flows, and tend to live in a different radioactive regime than the 
organisms that swim freely in the water. 

Finally, I should point out that there are many ways both actual 
and potential in which artificial radioactivity can get into the ocean 
besides the fallout from nuclear tests. One of the ones that must 
certainly be kept in mind is the possibility of an accident to a nuclear 
powered ship. Suppose, for example, that a reactor is damaged and 
its fuel elements with their contained fission products are lost in the 
waters of an average size or somewhat small size harbor in the United 
States, if this is a 50,000 kilowatt reactor, which does not seem to be 
exceptionally large, and has been going for a year, there will be ap- 
proximately 10 kilograms of fission products, making up about 10 to 
the seventh curies. In a harbor 8 miles long by 3 miles wide, 50 feet 
in depth, if the fission products become uniformly distributed, the 
water would contain about 10 to the minus 2 curies per cubic meter, 
giving almost a constant radiation dose of about 0.5 of a roentgen 
per day on the surface. So there is a real hazard from a nuclear re- 
actor which is damaged—a shipborne nuclear reactor in a harbor, 

Representative Hottrrerp. Of course, the Congress has authorized, 
as you know, a merchant marine ship for a large reactor. There has 
been 1 carrier and I believe there are 2 or 3 others. There are several 
submarines already in existence. As you point out, if by the very 
nature of war if these were destroyed or sunk or the reactors were dis- 
rupted by torpedoes, you would have this element of contamination, 
wouldn’t you? 

Dr. Reverie. I am thinking of peacetime uses of atomic energy 
here. Just the very attractive prospect of powering a merchant fleet 
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with nuclear power. The number of collisons between merchant ships 
is surprisingly large. I think some attention should certainly be paid 
to this problem, and I believe the Atomic Energy Commission and 
the Maritime Commission are thinking quite seriously about it. 

Representative Horirretp. I hope the care is being given to it that 
should be given to it. 

Dr. Revetie. The other ways in which fission products and other 
artifically radioactive substances can get into the ocean are by the 
disposal of atomic waste. This question is a very complicated one, 
as you undoubtedly know, who have been ont his committee for sev- 
eral years. My own opinion is that although in this country it may 
be possible to dispose of the waste from the nuclear power industry 
in several ways, that this may not be so easy in countries like Eng- 
land, Italy, and Japan, which have a very dense population, have not 
got many holes in the ground, and are completely surrounded by the 
ocean. Of course, as we know, most countries which are now op- 
erating reactors are in fact disposing of low level wastes into the 
coastal waters. I urge at every opportunity in public that this matter 
should be very carefully controlled. I am glad to see the United Na- 
tions Committee on Biological Effects of Radiation has now taken the 
same point of view. ' 

Representative Hottrretp. I think that it accents the importance of 
these hearings, too, to bring a realization to the people that we are 
dealing with a very serious element here, and the disturbance which 
it can make to nature if it is not controlled properly. 

Dr. Revecie. On the other hand, a very valuable one if it is con- 
trolled. The potentialities are tremendous. 

Chairman Durnam. I assume from your statement, then, Doctor, 
that you would not recommend it as a burial ground ¢ 

Dr. Revetie. What was that, sir? 

Chairman Duruam. That you would not recommend the ocean as 
a burial ground for fission products ? 

Dr. Revetre. I think that I would not either recommend it or not 
recommend it. I think the probabilities are that the ocean can be 
used for this purpose, but we really need to know a good deal more 
than we know now about the concentration of different substances by 
different organisms and in different parts of organisms. We need 
to know a lot more than we now know about the circulation and 

articularly the vertical movement of the ocean waters. We need to 

now a lot about the potentialities of transport of radioactive sub- 
stances by organisms moving from one layer to the other. We also 
need to know something even more fundamental and much more dif- 
ficult to understand, and that is the nature of the mixing process in 
the ocean, and particularly the exchange between the bottom muds 
and the waters as well as the rates and character of dispersion in the 
water itself. The problem here is that this seems to be quite spotty. 
You get high concentrations and low concentrations. 

Representative Hoxirretp. Would you say that this is an area 
where a great deal of research is needed ? 

Dr. Revettz. I think that research is needed, but I naturally would, 
being an oceanographer. 

Representative Hottrrerp. Could you tell me how much research 
is actually being done? Let us put it that way. 
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Dr. Revette. It is very hard to separate one kind of marine re- 
search from another. 

Representative Horirretp. How much is directed toward the devel- 
opment of information on this so-called vertical movement from the 
lower muds up to the surface? 

Dr. Revetxie. Actually very little indeed on this problem. The 
Woods Hole Oceanographic Institution, the Lamont Geological Ob- 
servatory, the University of Washington, Texas A. and M., the Chesa- 
peake Bay Institute, the Scripps Institution, the Japanese are all 
concerned with the problem, but not as yet with the level of effort that 
seems to be highly desirable. 

Representative Hoxirrecp. Could you give us an estimate as to the 
number of scientists that are working o.: these projects and whether 
these projects are being financed by the grants from AEC or whether 
they are operating on other types of grants ? 

Dr. Reverie. I am not sure that I can give you the exact figures, 
but my guess would be that the AEC is spending in these institutions 
that I listed something of the order of $150,000 a year. The Oflice of 
Naval Research and other parts of the Department of Defense are 
spending in related projects perhaps twice or three times this amount. 
The relationships are often not very close. This work that I have 
been talking about today, for example, has been supported by the 
Department of Defense and the AEC partly. As far as the Scripps 
Institution is concerned, it is supported more continuously by the 
Department of Defense. 

Representative Horirrerp. Would you say that in your best opinion 
if there is going to be considerable disposal in the low ocean depths 
of radioactive wastes there should be, in advance of any policy such 
as that, a thorough exploration of this subject ? 

Dr. Revettr. Yes, indeed I would, sir. I would urge it very 
strongly indeed for the welfare of mankind. 

Chairman Durnam. How many people are with the Scripps In- 
stitution ? 

Dr. Reverie. What is the total staff of the Scripps Institution ? 

Chairman DurHam. Yes. 

Dr. Revetitr. About 550 people. 

Chairman Duruam. Are all of them primarily concerned with this 
research ? 

Dr. Reverie. At the present time, at least, not more than 15 out of 
that number are involved with this kind of problem. It is a very 
small percentage, and I think the percentage should be increased. I 
think it could be increased. 

Chairman DurHam. You do not have any contract with AEC? 

Dr. Reverie. We have asmall contract with the AEC, yes. 

Representative Hoirierp. In this field, or a different field ? 

Dr. Revetxe. In this field, yes. We get a lot of support from the 
Federal Government. The total budget of the institution is about 
$314 million a year, of which two-thirds comes from the Federal 
Government. 

There is one other very minor point I would like to make. It looks 
as if some of the radioactivity in the ocean—artificial radioactivity— 
comes from the land. The ocean is a great hole in the ground, and 
at least in our part of the ocean, off the California coast, there is @ 
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very considerable increase in the radioactivity of the sea water after 
a rainfall. This increase seems to be due to fission products almost 
entirely. So we have here an example of the ccinaptieahed cycle of 
these things. 

The surprising thing about it is that we have not yet been able to 
find any cesium or strontium in the water off our coast. Particularly 
the cesium is a curious deficiency because we have been looking for it 
with a device that ought to detect it. It looks as if cesium is trapped 
in the soil and does not run off with the other fission products. 

I have kept you gentlemen too long. Thank you very much. 

Chairman Deane, What is the opinion for that increase in the 
sea water off the west coast ? 

Dr. Revetye. It come from the fallout which has settled on the land 
and washed into the ocean. At least that is our present opinion. 
But this opinion needs to have a lot more substantiation. This is 
simply a hypothesis. It is kind of interesting because it closes the 
cycle from the ocean explosion to the air to the land and back to the 
ocean. 

Representative Horirretp. Dr. Revelle, you have given us a most 
interesting presentation here today, and I am only sorry that the full 
membership of the committee could not be here to hear this. You 
understand that we have important legislation in both bodies today. 
Mr. Durham and I have been staying with this and missing a lot of 
votes on amendments which we hope to pick up tomorrow when we 
have our record votes. Thank you very much. 

Dr. Revere. I certainly appreciate the chance of appearing here. 

(The charts referred to by Dr. Revelle follow :) 
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Distribution of contaminated fish hauls 


CPM: Percent of fishes 
I ic tiniest i a i a ea a, 0.8 
ID ins ics ean som Wt Soc ac a a a a cia abdicate 1.8 
ON iii nich cca oat ew ea a aie ce ance lew eds ta ipa ah lem aaasaalaaa ie 14. ¢ 
i a a Pe Anca ce a a aaa 18.8 
Tc i ns ch deal enemies lee Seta ca eae ecu a ce ees 64.3 


NoTe.—Radioactivity of fishes measured at 10 cm. from surface of fish (T. Kawabata, 
the National Institute of Health). 


Representative HonirieLp. The meeting will reconvene in this room 
tomorrow morning at 10 o’clock, and we will have Dr. Merril Eisen- 
bud of the New York Operations Office of the Atomic Energy Com- 
mission, Dr. Kulp of Columbia University, and Dr. Neuman of the 
University of Rochester School of Medicine and Dentistry. The 

subject will be a detailed discussion of the occurrence of strontium 
90 and cesium 137 in the atmosphere, and biosphere, and its uptake 
and behavior in man. 

Until tomorrow at 10 we stand adjeurned. 

(Thereupon at 5:20 p. m., Tuesday May 28, 1957, a recess was 

taken until Wednesday, May 29, 1957, at 10 a. m.) 





THE NATURE OF RADIOACTIVE FALLOUT AND ITS 
EFFECTS ON MAN 


WEDNESDAY, MAY 29, 1957 


ConGRreEss OF THE UNITED SrATEs, 
SPECIAL SUBCOMMITTEE ON RapIATION 
Or THE Jorn'r ComMITTEE ON Atomic ENERGY, 
Washington, D. C. 

The special subcommittee met, pursuant to recess, at 10:10 a. m., 
in the caucus room, Senate Office Building, Hon. Chet Holifield, 
chairman of the subcommittee, presiding. 

Present Representatives Holifield, Durham (chairman of the joint 
committee), Price, Van Zandt; Senators Anderson, Knowland, Hick- 
enlooper, and Bricker. 

Also present: Professional staff members: James T. Ramey, execu- 
tive director; George E. Brown, Jr., Hal Hollister, staff technical 
adviser, and Paul C. Tompkins, consultant. 

Representative Hotirieitp. The subcommittee will be in order. 

‘This morning we have a notable array of witnesses. We have sev- 
eral witnesses, and we plan to add on additional witnesses from the 
Walter Reed Institute of Research to our list of this morning, pro- 
vided the time allows. But before we call the first witness to the 
chair, I intend to make a short statement. 

This committee and its chairman, under the direction of the com- 
mittee, is trying to hold an objective and fair hearing. We are trying 
to bring to this record scientific opinion on the different facets of 
nuclear weapon fallout, and of the scientific problems that are perti- 
nent thereto. 

There will, of necessity, be controversial opinions stated; and this 
is as it should be in the scientific world, because different scientists 
on their own responsibility and integrity certainly have a right to 
be heard. 

We do not want to get into the field of controversy with anyone as 
a committee, but there was called to my attention this morning a 
release by the Atomic Energy Commission in regard to this question 
of a clean or dirty bomb. 

In the first place, the Atomic Energy Commission violated its own 
rules by not preparing and submitting to the committee its release 
24 hours in advance of its release. We do not intend to get into 
this question at this time, and into a controversy with the Commis- 
sion, but the record will stand as it has been given; the remarks of 
Dr. Graves will stand as those of the man most qualified to give an 
opinion on the cleanness or the dirtiness of nuclear weapons, and at 
the proper time there will be other evidence brought forward on this 
subject. 
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Our first witness this morning is Mr. Merril Eisenbud of the New 
York Operations Office of the Atomic Energy Commission. The sub- 
ject this morning is “A Detailed Discussion of the Occurrence of 
Strontium 90 and Cesium 137 in the Atmosphere, Biosphere and Its 
Uptake and Behavior in Man.” 

Mr. Eisenbud has a notable record in the scientific world. 

Mr. Eisenbud, proceed please, 


STATEMENT OF MERRIL EISENBUD, MANAGER, NEW YORK 
OPERATIONS OFFICE, ATOMIC ENERGY COMMISSION * 


Mr. Etsensup. Thank you, Mr. Chairman. 

If it pleases the committee, I would like to submit the prepared text 
of my statement, which is entitled “Measurement of Strontium 90 in 
Geophysical and Biological Materials,” for the record of the proceed- 
ings. 

Representative Horirrevp. Without objection, it shall be received. 

(The statement referred to follows:) 


UnitTep STaTeEs ATOMIC ENERGY COMMISSION, 
New YorK OPERATIONS OFFICE, 
New York, N. Y. 
Summary of remarks by Merril Eisenbud, Manager, New York Operations Office 
and Director, Health and Safety Laboratory before hearings conducted by the 
Joint Congressional Committee on Atomic Energy on the Nature of Radioactive 
Fallout and Its Effects on Man, May 1957, Washington, D. O, 


MEASUREMENT OF STRONTIUM 90 IN GEOPHYSICAL AND BIOLOGICAL MATERIALS 
INTRODUCTION 


The studies being reported on are directed toward a full understanding of the 
physical and biological behavior of the strontium 90 produced in nuclear detona- 
tions, The fundamental questions to be answered by consideration of the data 
are: 

1. How much strontium 90 has been deposited on the earth’s surface? 

2. How much strontium 90 from detonations to date remains suspended 
in the upper atmosphere and how long will it take to precipitate? 

3. How much strontium 90 will human skeletons contain when they are 
in equilibrium with the expected levels of strontium 90 in soil? 

The properties that make strontium 90 the most hazardous of the nuclides 
formed in the fission process are its long half-life (28 years) and its chemical 
similarity to calcium. Because of its resemblance to calcium, strontium 90 may 
be assimilated by biological processes. If strontium is ingested by human beings 
in food or water, it will deposit, like calcium, in the skeleton. 

Samples are collected throughout the world for strontium 90 analyses. Many 
of these are sent to the United States for analyses, but others, in increasing 
numbers, are analyzed in the laboratories of other lands by the many scientists 
whose data, ilke our own, are routinely submitted to the United Nations Com- 
mittee on the Effects of Radiation. 

Monitoring for radiostrontium can be divided conveniently into studies of its 
geophysical and biological distribution. Under the former classification are 
collected those samples which give us an understanding of the behavior of radio- 
strontium from its formation in the fireball to its deposition on the surface of 
the earth and incorporation into soils. The biological studies trace the move- 
ments of strontium 90 from the soils and waters through the flora and fauna of 
the oceans, pastures, and farms, to the skeleton of man. 


1Date and eee of birth, March 18, 1915, New York, N. Y. Education: electrical engi- 
neering, New York University, 1936. Work history: Liberty Mutual Insurance Co., indus- 
trial hygienist. 1936-47: Atomic Ener Commission, industrial hygienist. Director, 
Health and Safety Laboratory, 1947-49; New York University, associate professor of in- 
dustrial medicine, 1945-51; Atomic Energy Commission, Director, Health and Safety 
Laboratory, New York Operations Office, 1949-64 +; Atomic ae Commission, Manager, 
New York Operations Office, 1954—. (Submitted by the Atomic Energy Commission. ) 
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TYPES OF SAMPLES 


Soils.—A soil sample, expertly selected, can represent the accumulated fallout 
at a given location. An ideal sampling site is considered to be an open, level 
area, undisturbed by cultivation and covered by grass or simple vegetation cover- 
ing to immobilize the surface. The most common division of sampling is to col- 
lect the top 2 inches and the 2-to-6-inch layer separately. The known area and 
the measured weight of sample allow the strontium 90 measurements to be con- 
verted to terms of millicurieS per square mile. 

Experimental work has shown that the movement of strontium 90 in the soil 
is slow enough that adequate samples can be obtained. For example, from 75 
to 80 percent of the strontium 90 found in the soil is in the top 2inches. The dis- 
advantage of soil samples is in the complex and time-consuming nature of the 
analysis. 

Collections in open pots.—Stainless steel pots, with a face area of about 1 
square foot, are finding increasing application in fallout sampling both here 
and abroad. The collected precipitation and dust are analyzed for strontium 90 
at intervals, usually on a monthly basis. 

Gummed film collections.—The need for a simple collecting technique suitable 
for network operations, where large numbers of collecting stations employ 
untrained personnel, led to the development of the gummed film collector. This 
collector has an adhesive surface of 1 square foot which is exposed for 24 hours. 
A network of up to 200 stations collecting daily samples has been operated by the 
Health and Safety Laboratory since 1951. Samples are mailed to the laboratory 
where the analyses are performed. 

Atmospheric sampling.—The fission products, including strontium 90, are in 
particulate form in the atmosphere and the most common air sampling procedure 
is to draw a large volume of air through a filter. This type of sampling has been 
carried out at the earth’s surface, in the lower atmosphere by jet planes, and in 
the stratosphere by balloons. 


BIOLOGICAL DISTRIBUTION 


The chemical similarity of strontium and calcium makes it desirable to use 
the strontium 90: Ca ratio in tracing strontium 90 from soils to man. A useful 
unit of strontium 90 contamination, first proposed by Libby, is the micromicro- 
curie of strontium 90 per gram of calcium (upe/gmCa). 

The three principal types of samples taken for analysis are (1) vegetation, 
including both animal and human food, (2) milk, and (3) human bone. 

Vegetation.—Strontium 90 may occur in vegetation in either of two routes. 
Strontium 90 from the soil may be taken up by the root system and incorporated 
into the plant. In addition, fallout may be directly deposited on the plant. 

Milk.—The major source of body calcium in the United States is milk, hence 
its analysis has received considerably more attention than that of any other 
foodstuff although other foods may have a higher strontium 90 to Ca ratio. 
Actually, cow’s milk contains less strontium per gram of calcium than do the 
vegetables which comprise the balance of our calcium intake. This is because 
biological processes in general tend to discriminate against strontium. Thus 
the strontium 90 has been selectively eliminated by 2 stages—the vegetable 
and the cow—in the case of milk and only 1 stage in the case of a vegetable. 
Milk seems to be the most practical index of human exposure to strontium 90 
because it is the source of most of the calcium in the skeletons of American 
adults, and it is a material which is relatively easy to sample. 

Human bone.—Analyses of human bone afford a direct measure of the stron- 
tium 90 level at a given time. These samples show the lowest levels of stron- 
tium 90 of any biological material being analyzed. Since human bone is not 
yet in equilibrium with the strontium 90 of the environment, however, measure- 
ments made at the present time are only of value when viewed in relation to 
other materials, particularly human food and the present and predicted levels 
of strontium 90 on the earth’s surface. 


DISCUSSION OF FINDINGS 


Estimates of fallout obtained by analyzing soil samples are lower than those 
obtained by gummed film collection but the reason why this is so is not clear. 
One megacurie, being intermediate between the estimates for gummed paper 
and for soil, is perhaps the most reasonable approximation of the total amount 
of strontium 90 deposition on the earth by delayed fallout in mid-1956. 
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It is also noted that the soil data indicate a greater degree of latitudinal 
variation than the gummed film data. In the latter case the mean deposition 
in the North Temperate Zone is slightly high in relation to the somewhat 
uniform deposition elsewhere in the world. The data derived from soil samples 
likewise indicate a higher deposition in the North Temperate Zone but there is 
less uniformity elsewhere in the world and a north-south gradient is quite 
evident. 

STRATOSPHERIC RESERVOIR 


An estimate of the future distribution of strontium 90 may be obtained from 
the sampling data plus knowledge of the amount of strontium 90 suspended in 
the upper atmosphere, and the rate at which it precipitates to earth’s surface. 

It is apparent that the rate of precipitation of the strontium 90 must be 
considered in any estimation of future hazard. If the time of descent was 
infinitely great, the strontium 90 would decay before it reached the earth’s 
surface and it would not constitute a potential hazard. Actually, we have 
learned that the time of descent is relatively short in relation to the half-life 
of strontium 90. It is estimated that the average residence time is approxi- 
mately 10 years (equivalent to a half-life of 7 years). It is possible this 
estimate is too long and the average life is as little as 6 to 7 years (half-life 
about 414 years). 

This discussion of the foreseeable levels of strontium 90 will thus be simpll- 
fied by the assumption that the material now contained in the stratospheric 
reservoir will be completely deposited on the earth’s surface before any radio- 
active decay has occurred. Moreover, it will be assumed that the geographical 
distribution in the future will follow approximately the same distribution as 
the deposition of stratospheric debris in the past. This will tend to introduce 
an error on the side of safety since it would be expected that future fallout 
would be more uniform than in the past. 


FUTURE ESTIMATE OF STRONTIUM 90 IN MAN 


It will be assumed that essentially all of the 2.4 megacuries of strontium 90 
stored in the stratosphere in mid-1956 will be deposited on earth’s surface by 
about 1970 and that stratospheric fallout will be distributed in approximately 
the same pattern as the past. 

This discussion of future levels of strontium 90 in man will be based on data 
for a region in Northeastern United States where the deposition of strontiuna 
90 in the fall of 1956 averaged 20 millicuries per square mile. Of this, about 6 
mc/mi’ is estimated to be tropospheric fallout from tests prior to mid-1956. 
The stratospheric fallout may thus be estimated as 14 millicuries per square 
mile. This was the level which existed when the worldwide deposition of stron- 
tium 90 was about 1 megacurie. It is estimated that when the 2.4 megacuries 
then in the stratosphere has deposited, the deposition on this milkshed will be 
45 millicuries per square mile, about 2.3 times the level in mid-1956. 

To define the potential risk from a given distribution of strontium 90 on the 
surface of the earth requires that the distribution be quantitatively related to 
the skeletal burden of strontium 90 of a human population in dietary equilibrium 
with the soil from which its nourishment is derived. This equilibrium is already 
established for a variety of radioactive elements normally present in the earth’s 
crust. For example, the average upper foot of soil in the United States contains 
about 1,000 millicuries of radium per square mile. The average adult skeleton 
in this country contains about 10 microcuries of radium, resulting from assimi- 
lation of this trace element from foods and water. Thus, the value of 10-* 
microcuries of radium represents the amount deposited in the skeletons of the 
populations whose mineral metabolism is in equilibrium with the soil minerals. 

Freshly deposited strontium 90 takes a relatively long time to complete the 
biological route to bone since bone being formed at the present time utilizes cal- 
cium which left the soil in months gone by. In addition, storage of cattle fodder 
and hold-up of human foods in commercial distribution lead one te expect the 
human strontium 90 burden to lag in time behind a given soil concentration. 
Equilibrium can be expected to be achieved over a period of years but not over 
a period of months. 

During periods of actual fallout the concentration of strontium 90 in milk 
originates from the soil by normal root uptake or it may short circuit the soil 
through deposition directly on the leaf and ingestion by the cow. 
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At present, the extent to which strontium 90 occurs in milk as a result of direct 
deposition on leaves is not known. This fraction presumably diminishes with 
time as the accumulation in soil increases and the rate of fallout remains ap- 
proximately constant. In contrast, the strontium 90 of the soil constitutes a 
relatively long lived reservoir for future uptake. Diminution will result only 
from radioactive decay or if the strontium 90 is leached beyond the root zone. 
For the purpose of this discussion it will be assumed that all of the strontium 
90 in milk is metabolized by way of the roots. This is a conservative assumption 
which tends to exaggerate the forecast of future levels. 

Milk from the milkshed previously discussed has been analyzed routinely since 
early 1954. The strontium 90 level of this milk averaged 3.5 puc/g Ca in the 
period just preceding the sampling of the soils in October 1956. If we neglect 
the effect of fresh fallout, and further assume that the strontium 90 in milk is 
proportional to the amount in soil, the future level may be estimated as 35X 
2.3=S8uue Sr-90/g Ca. This prediction is in good agreement with the value 
of 8.3 wue/g Ca which was similarly estimated by the data available from this 
milkshed in the summer of 1955. 

Based on the data now available a child being nourished on milk containing 
Supe Sr-90/g Ca would be expected to develop a skeleton containing strontium 
90 in somewhat lower concentrations than this value (because the human metab- 
olism descriminates in some measure against strontium,) possibly higher than 
4 puc Sr-90/g Ca. Thus 4-6 wu/g Ca may be said to be the highest fore- 
seeable value to be attained from a diet containing 8 pye Sr-90/g Ca. 

Assuming 5 pue Sr-90/g Ca to be the maximum value to be attained, one can 
calculate this amount of strontium 90 will deliver a dose of 0.5 rads to the 
skeleton over a lifetime of 70 years. This comnares with a normal skeletal irracia- 
tion of 7 to 30 rads resulting from potassium 40, carbon 14, cosmic rays, terres- 
trial gamma radiation and radium. The maximum foreseeable value of 5 nue 
Sr-90/g Ca is thus equivalent to 1.5 to 6 percent of the dose from natural sources 
of skeletal irradiation. 

It should be noted that this estimate includes a number of assumptions which 
are deliberately conservative. No allowance has been made for radioactive 
decay before the strontium 90 descends from the stratosphere. This may dimin- 
ish the amount of available strontium 90 by about 25 percent. The assumption 
that all of the strontium 90 in milk originated by root uptake, is another con- 
servative assumption. The combined effect of these and other safety factors 
is apt to be appreciable. 

The question has been raised as to whether a discussion of average fallout 
values is adequate to define the upper limit of hazzard to people exposed to un- 
usually heavy fallout. In this connection it is worth noting that as the data 
continue to accumulate from every corner of the globe the large deviations from 
average are in the safe direction. Whereas fallout values greater than twice the 
mean are rarely reported in any given region, it is not uncommon to observe 
values which are of the order of 10 percent of the average. 

This forecast has been made on the basis of data from Northeastern United 
States. How applicable are these data to other parts of the United States or 
of the world? Summaries of the concentration of strontium 90 in milk as 
observed in 6 domestic and 2 foreign sources of supply as well as the data from 
the fallout measuring systems described earlier, indicate that the strontium 90 
content of dietary calcium might be higher in certain areas. A factor of three 
applied to the estimates for northeastern United States should be adequate, 
however, to bracket the highest foreseeable value, from tests to date, in any 
region of the United States. 


I. MEASUREMENT OF STRONTIUM 90 IN GEOPHYSICAL AND BIOLOGICAL MATERIALS 


By Merril Eisenbud for presentation at hearing on the Nature of Radioactive 
Fallout and its Effects on Man 


INTRODUCTION 


The properties that make strontium 90 the most hazardous of the nuclides 
formed in the fission process are its long half-life (28 years) and its chemical 
similarly to calcium. Because of its resemblance to calcium, Sr-90 may be 








558 RADIOACTIVE FALLOUT AND ITS EFFECTS ON MAN 


assimilated by biological processes. If strontium is ingested by human beings 
in food or water, it will deposit, like calcium, in the skeleton. 

Investigation of the potential hazard from contamination of soils and the 
biological food chains by Sr-90 began very early in the United States atomic 
energy program. The first studies, associated with the wartime weapons-de- 
velopment program, were theoretical and were designed to identify the principal 
parameters which influence the long-range effects of nuclear detonations. It 
was clear, from the start, that studies of radioactive fallout, and of the ultimate 
fate of Sr-90 in particular, would require the application of knowledge from a 
wide assortment of the physical and biological sciences. The initial theoretical 
studies provided a valuable basis for the experimental approach to the problem 
that became possible with the programs of weapons testing that began in 1948 
and have continued intermittently to the present time. 

The Sr-90 studies have increased in scope and complexity, and the overall 
program has, for some years, been global in extent, involving physical, chemical, 
and biological investigations on land, in the oceans, and in the air. Known 
as Project Sunshine and directed at a full understanding of the physical and 
biological behavior of the Sr-—90 produced in nuclear detonations, these studies 
are concerned with an unprecedented variety of scientific questions. From the 
standpoint of its vast geographic dimensions and the variety of scientific 
mechanisms involved in the investigation, Project Sunshine rivals the most 
comprehensive scientific studies ever undertaken. 

The factors that influence the behavior of Sr-90 begin in the complex physics 
and chemistry of the fireball and the mushroom-shaped cloud which forms after 
a nuclear detonation. The height of the burst aboveground, the nature of the 
terrain, and the particle size of the soil and debris sucked into the fireball all 
influence the fallout pattern. 

When the particles descend to the earth’s surface, they leave the domain of 
the meteorologist and become involved in the physics, chemistry, and biology 
of the soil. How soluble is the Sr-90 in fallout? Does it leach from the soil? 
At what rate is it incorporated into plants, and how can this rate be expressed 
quantitatively as a function of type of soil and type of plant? These are a few 
of the questions that have been studied in tracing the Sr-90 into the first of the 
biological links in the food chain between soil and man. The answers to these 
and many more questions have been obtained by many investigators working 
in many laboratories throughout the country. 

From its formation in a nuclear detonation until it is metabolized by man, the 
path of a strontium 90 atom is long and tortuous. Understanding of its route 
has come from studies which know none of the bounds of any one of the conven- 
tional scientific disciplines. The phenomenology of strontium 90 in fallout can 
be described only in the combined languages of all the principal combined 
sciences—geophysics, physical chemistry, biophysics, and biological chemistry. 
Samples are collected throughout the world for strontium 90 analyses. Many of 
these are sent to the United States for analyses, but others, in increasing num- 
bers, are analyzed in the laboratories of other lands by the many scientists whose 
data, like our own, are routinely submitted to the United Nations Committee on 
the Effects of Radiation. 

Monitoring for radiostrontium can be divided conveniently into studies of its 
geophysical and biological distribution. Under the former classification are 
collected those samples which give us an understanding of the behavior of radio- 
strontium from its formation in the fireball to its deposition on the surface of the 
earth and incorporation into soils. The biological studies trace the movements 
of strontium 90 from the soils and waters through the flora and fauna of the 
oceans, pastures, and farms, to the skeleton of man. A summary of the AEC 
sampling program is given in table I. 


SAMPLING FOR GEOPHYSICAL DISTRIBUTION 


Except for immediate fallout in the area of detonation, the original fission 
products are injected into the troposphere or stratosphere and are geographically 
distributed by the winds. Radioactive materials are brought down to the 
surface by precipitation, settling, and, to a lesser extent, by air turbulence. 

It is desirable to measure the rate of fallout, its accumulation, and the atmos- 
pheric reservoir of material yet to be deposited on earth’s surface. The samples 
currently taken for this program include soils, sea water, collections of fallout in 
open pots and on gummed film, and collections ef atmospheric dust on filters, 
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SOILS 


A soil sample can represent the accumulated fallout at any given location. | 
There are many criteria to be met to insure that a soil sample is representative. 
An ideal sampling site is considered to be an open, level area, undisturbed by 
cultivation and covered by grass or simple vegetation covering to immobilize the 
surface. Drainage slopes, silted areas or other unusual drainage conditions 
should be avoided. Samples are collected with soil augers to give definite areas . 
and depths. The most common division of sampling is to collect the top 2 inches 
and the 2- to 6-inch layer separately. The known area and the measured weight 
of sample allow the strontium 90 measurements to be converted to terms of 
millicuries per square mile. 

Removal of strontium 90 from a soil sample is a difficult problem because the 
relatively low levels of activity currently found require use of very large samples. 
At present 2 to 4 pounds of soil are taken for analysis and this makes the usual ' 
procedure of completely dissolving the soil by fusion a practical impossibility. 

Thus although the fusion technique is the only method certain to remove all 

strontium 90 from the soil it has been necessary to study other methods for 

strontium 90 extraction. After considerable experimentation, procedures that 

agree satisfactorily with the fusion technique have been developed. These 

involve the extraction of the strontium 90 by electrodialysis or by hydrochloric 

acid leaching without completely dissolving the soil. Present evidence leads us 
to believe that the acid leach removes 85 percent or more of the strontium 90 and 
the electrodialysis at least 75 percent. Some early analyses were obtained by 
ammonium acetate leaching of the soil, but this method is now felt to be inade- 
quate, and none of the data presented here were obtained in this way. 

The chemical analysis following extraction requires separation of the stron- 
tium 90 from the inactive bulk constituents of the extract and from other radio- 
active isotopes, which include the natural constituents of the soil and other fission 
products, including strontium 89. | 

The soil sample offers a practical means of measuring the accumulation of 
strontium 90 at a particular location. Experimental work has shown that the | 
movement of strontium 90 in the soil is slow enough that adequate samples can | 
be obtained. For example, from 75 to 80 percent of the strontium 90 found in 

the soil is in the top 2 inches. The disadvantage of soil samples is in the com- 
plex and time-consuming nature of the analysis. 


SEA-WATER SAMPLES 


Since approximately two-thirds of the earth’s surface is covered by the oceans, 
a complete accounting for strontium 90 deposition requires sampling of the 
oceans. However, in contrast to soils, the strontium 90 in the oceans is dis- 
tributed through a depth of several hundred feet, at least. The analytical re- 
quirements for this type of sample have been beyond the capabilities of the par- 
ticipating laboratories except for samples taken near the Pacific Proving Grounds 
shortly after a major weapons test. Therefore, studies of distribution in the 
ocean have been limited to measurements of total fission products and their 
transport by ocean currents as a function of time. Such measurements of mixed 
fission products do not give reliable estimates of strontium 90 in sea water since 
the fission products may be fractionated by solubility, precipitation, and sedi- 
mentation. 

Mixed fission products in sea water are concentrated by coprecipitation of the 
majority of the isotopes with various carriers such as iron hydroxide or calcium 
earbonate. The activity levels of interest are high enough so that conventional 
counting equipment can be used for measurement. Extension of the sensitivity 
by measurement with low background counters would probably not be justified in 
terms of the overall accuracy of the determination. 


FALLOUT COLLECTIONS IN. OPEN POTS 


Stainless-steel pots, with a face area of about 1 square foot, are finding in- 
creasing application in fallout sampling. Other types of vessels have been tried 
and are currently used in some parts of the monitoring program in this coun- 
try and abroad. The collected precipitation and dust can be analyzed for 
strontium 90 at intervals, usually on a monthly basis. In sharp contrast to the 
soil samples, the residues submitted to analysis are essentially free of nonradio- 
active material. The monthly increment in fallout is readily determined from 
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these samples, while it is only feasible to measure annual increments in soil 
samples. 

The analysis of pot collections requires the separation of strontium 90 from 
the small amounts of inert material and from other isotopes of mixed fission 
products. The deposition of naturaily occurring radioisotopes during a month 
is negligible. The levels currently found are such that low background count- 
ing equipment is required for satisfactory analysis. 

Collection in pots is open to the criticism that more fallout may be collected 
than would be deposited in the open air. This is caused by inpaction on the 
inner sides of the vessel. Studies are underway to determine the best shape 
and size of vessel for collections. However, it should be noted that compari- 
son of annual pot increments with soil increments have shown good agreement. 


GUMMED FILM COLLECTIONS 


The need for a simple collecting technique suitable for network operations, 
where large numbers of collecting stations employ untrained personnel, led 
to the development of the gummed film collector. This collector has an ad- 
hesive surface of 1 square foot which is exposed for 24 hours. A network of 
up to 200 stations collecting daily samples has been operated by the Health and 
Safety laboratory since 1951. Samples are mailed to the laboratory where tle 
analyses are performed. It is not possible to determine Sr-90 directly in 
gummed film—first, because the amount of Sr-90 deposited in 24 hours is to a 
small, and second, because during rainfall a variable fraction of the Sr—-90 
is lost by preferential solubility. The Sr-90 component has in the past been 
estimated by calculation from the mixed product values. In addition, an esti- 
mate has been made of the gamma dose resulting from this fallout. The 
increased weapons test activity has made these calculations extremely difficult 
and the methods originally followed have been found inadequate. At the present 
time a new calculation procedure has been devised and is being tested. 

The gummed film samples are ashed to reduce their area and the total mixed 
fission product: activity is measured with automatic beta geiger counters. The 
activity measurement and the weather data for each sample are entered on 
IBM ecards for calculation and tabulation, The results of this work have been 
presented in several summary papers. 

The gummed film has two major disadvantages. First, it does not allow 
direct measurement of Sr-90 fallout, and second, from two standpoints it is not 
a perfect collector of fallout. There are definite indications that there is some 
wash off of radioactive material during precipitation. When there is no pre- 
cipitation the gummed film may collect more activity than would be found on 
a square foot of a perfect collector since some airborne dust, which would not 
settle ordinarily, may be scavenged by the gummed surface. Experiments in 
several locations, however, have shown an average collection efficiency of 
about 60 percent and this value is used to correct the measured values obtained 
in the laboratory. This will be discussed further in a later section. 

The advantage of gummed film is its extreme simplicity as a collector and 
its adaptability to network operation with a central processing facility. In addi- 
tion, the fact that the gummed film can be measured on a daily basis offers some 
advantage in detecting the time of arrival of radioactive material. This is 
particularly useful in the estimation of the low levels of total gamma dose asso- 
ciated with fallout, since the gamma dose at any given location is sensitive to 
the time of arrival of the fission products, 


ATMOSPHERIC SAMPLING 


The fission products, including Sr—90, are in particulate form in the atmosphere 
and the most common air sampling procedure is to draw a large volume of air 
through a filter. The dust on the filter can then be analyzed for Sr-90 and the 
atmospheric concentration can be obtained from a knowledge of the volume of the 
air sampled. This type of sampling has been carried out at the earth’s surface, in 
the lower atmosphere by jetplanes, and in the stratosphere by balloons. The 
major difference between these samples lies in the amount of air that can be 
sampled and thus in the activity level which can be collected on a filter. 

The analysis consists of the separation of Sr-90 from the inactive constituents 
of the dust on the filter and the separation from natural radioactive materials 
and other fission products. Activity levels at the surface or in the lower at- 
mosphere are sufficient that simple beta gelger counters can be used. The 
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volume of air that can be sampled in the stratosphere, when converted by 
calculation to normal temperature and pressure, is small. Consequently a 
small amount of particulate material is collected and low background counters 
are an absolute necessity. 

Estimation of the atmospheric reservoir of Sr—90 is needed to predict the level 
which will be finally deposited on the ground when all the material is deposited. 
Because of nonuniformity in the distribution of the radioactive debris in the 
atmosphere, both laterally and vertically, the sampling program must be very 
extensive to develop a reliable picture. 

Air samples at the surface of the earth are the simplest to obtain but are the 
most heavily influenced by local meteorological conditions. A better estimate 
can be obtained from stratospheric samples which are the most costly in terms 
of both sampling and analysis. 

At the present time monthly samples at four stratospheric altitudes are being 
taken at Minneapolis, Houston, Panama Canal Zone, and at one station in the 
Southern Hemisphere. This pilot program is designed only to determine the 
degree of uniformity and thus the extent of sampling required for complete | 
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BIOLOGICAL DISTRIBUTION 


The chemical similarity of strontium and calcium makes it desirable to use the 
Sr—90 :Ca ratio in tracing Sr-90 from soils to man. A useful unit of Sr-90 con- 
tamination, first proposed by Libby, is the micromicrocurie of Sr-90 per gram 
of calcium (uuc/gmCa). For convenience this unit is frequently referred to as ' 
the “Sunshine unit.” : 
The biological distribution of Sr-90 is being studied in its entirety and these : 
investigations have produced a wide variety of data. For this discussion, which | 
is concerned primarily with an evaluation of the potential human hazard from 
Sr-90, the presentation will be simplified greatly by reviewing only the principal 
| sources of human calcium. The presently observed and predicted future levels | 
of Sr-90 in these foods offer a convenient means of estimating the amounts of 
Sr-90 that the human skeletons of the future are expected to contain. 
In the United States, and many western countries, the main calcium source Is 
milk, with leafy vegetables supplying the majority of the balance. In some 
areas, such as southeastern United States, this ratio may be reversed. The 
sources of calcium in countries of the world is under study by the Food and 
Agricultural Organization and data on the non-milk-drinking populations is 
slowly becoming available. 
The three principal types of samples taken for analysis are (1) vegetation, 
inelnding both animal and human food, (2) milk, and (3) human bone. 


evaluation of the atmosphere. 
| 
i 
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VEGETATION 


Sr-90 may occur in vegetation in either of two routes. Sr-90 from the soil 
may be taken up by the root system and incorporated into the plant. In addi- 
tion, fallout may be directly deposited on the plant. Part of this latter material 
may be washed off by rain but a considerable portion apparently is retained. 
The relative distribution of Sr-90 in the plant and on the outer surfaces may 
be quite variable, depending on the amount of fallout and the type of soil. 

The type of vegetation selected depends on whether it represents food for 
animals or for humans. For human foods the samples can be taken from the 
consumer market. The analysis of vegetation is simpler than for soils or for 
fallout collections since the amount of inactive material is small related to the 
amount of Sr-90, and because the plant discriminates against many of the radio- 
active isotopes. Analysis still requires, however, separation of Sr-90 from the 
inactive constituents of the plant ash and from other radioisotopes which are 
present. 

MILK 


The major source of body calcium in the United States is milk, hence its 
analysis has received considerable more attention than that of any other food- 
stuff although other foods may have a higher Sr-90-to-Ca ratio. As a matter 
of fact, cow’s milk contains less strontium per gram of calcium than do the 
vegetables which comprise the balance of our calcium intake. This is because, 
as noted by other speakers, biological processes in general tend to discriminate 
against strontium. Milk contains less strontium per gram of calcium because 
the calcium has passed through two biological processes. The strontium has 
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passed through the vegetable and then through the cow. Thus the Sr-90 has 
been selectively eliminated by 2 stages in the case ef milk and only 1 stage in 
the case of a vegetable. Nevertheless, milk seems to be the most practical 
index to human exposure to Sr-90 because it is the major source of calcium 
in the skeletons of American adults. Moreover, it is a material which is rela- 
tively easy to sample, and the samples represent the pooling of milk from large 
geographical areas. 

Monthly analyses of milk samples are available from 6 major milksheds 
in the United States, for periods ranging from 1 to 4 years. The sampling 
procedures have been desigued to follow the exposure level of the human popu- 
lation at the location rather than to follow an individual farm or even an 
individual processing plant. 

The determination of Sr-90 in milk is a relatively simple procedure, since 
the cow discriminates sharply against other fission products. The main ana- 
lytical problem is the separation of Sr-90 from the large amount of calcium 
present. 

The chief advantage of following milk as a monitoring device is that it yields 
an immediate estimate of the amount of Sr-90 which man will ingest. This 
is more direct and more reliable than attempting to predict the movement of 
Sr-90 to man from analyses of fallout or of soil. 


HUMAN BONE 


Analyses of human bone afford a direct measure of the Sr-90 level at a given 
time. However, as previously mentioned, human bone is not yet in equilibrium 
with the Sr-90 of the environment. Thus, measurements made at the present 
time are only of value when viewed in relation to other materials, particularly 
human food and the present and predicted levels of Sr-90 on the earth’s 
surface. 

Human bone samples show the lowest levels of Sr-90 of any biological mate- 
rial being analyzed. This means that a large sample of bone is required for 
analysis and such specimens are not always readily obtainable. The extensive 
program at the Lamont Geological Observatory has yielded several hundred 
autopsy specimens from all over the world. Dr. Kulp, who is in charge of this 
work at Lamont, will report on it in detail. 

The analysis of bone requires the separation of Sr-90 from large quantities 
of calcium but only regligible amounts of other radioisotopes are present. The 
current levels require not only low background counting equipment but the 
most extreme care in the prevention of contamination of samples with other 
radioactive materials. 

DISCUSSION OF FINDINGS 


We have seen that many kinds of samples are being collected routinely from a 
large number of locations, and that the Sr—-90 in these samples serves as a tracer 
for the study of many physical, chemical, and biological processes. In this dis- 
cussion, an effort will be made to simplify the analyses of the data and to deal 
only with those portions of the overall Sunshine program that are concerned 
with an estimate of the human hazard from Sr-90, 

The fundamental questions which must be answered are these: 

1. How much Sr-90 has been deposited 9n the earth’s surface? 

2. How much Sr-90 from detonations to date remains suspended in the 
upper atmosphere and how long will it take to precipitate? 

3. How much Sr-90 will human skeletons contain when they are in equi- 
librium with the expected levels of Sr-90 in soil? 


DEPOSITION OF SR-90 IN EARTH 


As noted earlier there are two basic procedures by which the widespread 
deposition of Sr-90 can be documented. The first, and the most direct, is by the 
collection of soil samples and their analysis for Sr-90. 

The soil analyses for the year 1956 are plotted in figures 1 and 2, which give 
the estimates of Sr-90 deposition in millicuries per square mile. Similar data 
have been obtained on the basis of samples collected from the gummed fiim 
network. These data are summarized in figures 8 and 4 which give the estimated 
cumulative Sr—90 distributions as of July 1, 1956. In recent months a third 
method has been adopted, utilizing pots which have been located at 21 stations 


oo the world but too few data are available to justify presentation at 
this time. 
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| It will be noted that, for most of the world, the estimates of fallout obtained 

by analyzing soil samples are lower than those obtained by gummed film collec- 
tion. The differences can be seen in table 4 which summarizes the observation 
of both the soil sampling and the gummed film network by zones. The estimated 
worldwide fallout of Sr-90, based on the gummed film samples, is 1.5 megacuries 
compared to 0.88 megacurie as estimated by soil samples. It is also noted that | 
the soil data indicate a greater degree of latitudinal variation than the gummed 
film data. In the latter case the mean deposition in the North Temperate Zone 
is slightly high in relation to the somewhat uniform deposition elsewhere in the 
world. ‘The data derived from soil samples likewise indicate a higher deposition 
in the North Temperate Zone but there is less uniformity elsewhere in the world 
and a north-south gradient is quite evident. 

The reason why the soil samples yield lower values in most locations is not 
clear. The integrated fallout as estimated by soil analyses is 59 percent of the 
value obtained from the gummed film observation. As noted earlier it is possible 
that the Sr-90 is incompletely removed from the soil by chemical analysis and 
this may account for some, but certainly not all, of the difference. The gummed 

film tends to yield results which are comparable to the Sr-90 measurements of pot 

| samples but it is possible that both the pot and the gummed film tend to concen- 
trate fallout, particularly on dry, windy days. It is also possible that some of 

| the Sr-90 has been leached beyond the sampling depth. At the present time, 
there is insufficient knowledge to explain the difference between the two methods. : 
One megacurie, being intermediate between the two estimates, is perhaps the : 
most reasonable approximation of the total amount of Sr—90 deposition on the 
earth by delayed fallout in mid-1956. 

The test firings in Nevada only partly account for the relatively elevated 
deposition in the North Temperate Zone. There is evidence that much of the 
differentiation between the North Temperate Zone and the rest of the world can 
be attributed to the preferential fallout in this region from 1954 series in the 

| Pacifie (Operation Castle). 


STRATOSPHERIC RESERVOIR 


An estimate of the future distribution of Sr-90 may be obtained from the above 

data plus knowledge of the amount of Sr-90 suspended in the upper atmosphere, 

and the rate at which it precipitates to earth’s surface. The direct method of 

measuring the stratospheric reservoir is to obtain samples, using balloons or 

high-flying aircraft. This has been done intermittently since 1953 but the data 

are too few to permit one to estimate by this method, with any degree of con- 
fidence, the total inventory of stratospheric Sr-90. 

Using a more indirect procedure, Libby suggested a value of 2.4 megacuries 
of Sr-90 in the fall of 1956. This estimate is based not on direct measurements 
in the stratophere, but rather on what might be described as material balance 
studies. The amount of Sr—90 produced in detonations, to date, can be estimated. 
Estimates of the amounts of Sr-90 that are deposited in the intense fallout in the 
vicinity of a detonation are available from extensive investigations conducted 
during the test programs in Nevada and in the Pacific. The total strontium 
produced in a detonation, less the Sr-90 which falls out in the immediate 
vicinity of the detonation, gives the total inventory of Sr—90 that is available 
for subsequent deposition at places remote from the site of detonation. 

It is apparent that the rate of precipitation of the Sr-90 must be considered 
in any estimation of future hazard. If the time of descent was infinitely great, 
the Sr-90 would decay before it reached the earth’s surface and it would not 
constitute a potential hazard. Actually, we have learned that the time of 
descent is relatively short in relation to the half-life of Sr-90. Libby has esti- 
mated that the average residence time is approximately 10 years. In mathe- 
matical terms this would be equivalent to a half-life of 7 years. It is possible 
this estimate is too long and the average life is as little as 6-7 years (half-life 
about 414 years). 

Our discussion of the foreseeable levels of Sr-90 will thus be simplified by 
the assumption that the material now contained in the stratospheric reservoir 
will be completely deposited on the earth’s surface before any radioactive decay 
has occurred. Moreover, it will be assumed that the geographical distribution 
in the future will follow approximately the same distribution as has been true of 
the deposition of stratospheric debris in the past. This will tend to introduce 
in error on the side of safety since it would be expected that future fallout will 
be more uniform than in the past. 
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FUTURE ESTIMATE OF SR-90 IN MAN 


As noted earlier, it will be assumed that essentially all of the 2.4 megacuries 
of Sr—90 stored in the stratosphere in mid-1956 will be deposited on earth’s surface. 
This will have occurred by about 1970. It will be further assumed that strato- 
spheric fallout in the future will be distributed in approximately the same 
pattern as the past. 

This discussion of future levels of Sr—90 in man will be based on data for 
Northeastern United States. The fallout levels, as estimated by soil analyses 
in late 1956, averaged 20 millicuries per square mile in 1 large milkshed which 
has been sampled since 1954. Of this, about 6 mc/mi? is estimated to be tropo- 
spheric fallout from tests prior to mid-1956. The stratospheric fallout may thus 
be estimated as 14 millicuries per square mile. This was the level which existed 
when the worldwide deposition of Sr-90 was about 1 megacurie. It is esti- 
mated that when the 2.4 megacuries then in the stratosphere has deposited, the 
deposition on this milkshed will be 45 millicuries per square mile, about 2.3 
times the level in mid-1956. 

To define the potential risk from a given distribution of Sr—-90 on the surface 
of the earth requires that the distribution be quantitatively related to the 
skeletal burden of Sr-90 of a human population in dietary equilibrium with 
the soil from which its nourishment is derived. This equilibrium is already 
established for a variety of trace elements normally present in the earth's 
crust. Some of these, like potassium and radium, are radioactive, and this is 
reflected by the presence of these substances in the human body. For example, 
the upper foot of soil in the United States contains, on the average, about 1,000 
millicuries of radium per square mile. The average adult skeleton in this 
country contains about 10“ microcuries of radium, which is derived from assimi- 
lation of this trace element from foods and water. Thus, the value of 10“ micro- 
curies of radium represents the amount deposited in the skeletons of the popu- 
lations whose mineral metabolism is in equilibrium with the soil minerals. 

The freshly deposited Sr—-90 takes a relatively long time to complete the 
biological route to bone. At the present time the skeletons of all but very young 
children were formed prior to the introduction of Sr—90 to the soil. Moreover, 
bone being formed at the present time utilizes calcium which left the soil in 
months gone by. The fact that cattle may be fed on hay many months old 
and the holdup of human foods in the commercial distribution system are but 
two of many factors which would lead one to expect the human Sr-90 burden 
to lag in time behind the potential value which might ultimately be expected 
from a given soil concentration. The human skeleton cannot be expected to 
respond quickly to the gradual accretion of Sr-90 by soil. Equilibrium can be 
expected to be achieved over a period of years but not over a period of months. 

In the United States, as in a number of other parts of the world where the 
population derives much of its calcium from dairy products, analyses of milk 
for Sr-90 provide a convenient method of estimating the levels of human ab- 
sorption which may be expected in the future. 

During periods of actual fallout the concentration of Sr—90 in milk eriginates 
from two sources: The Sr-0 level may have been metabolized from the soil 
by normal root uptake or it may have short circuited the soil by having been 
deposited directly on the leaf with which it is ingested by the cow. The pres- 
ence of the latter fraction is dependent on current fallout. If all detonations 
ceased, the fraction due to direct deposition on the leaf surfaces would diminish 
with the reduction in the rate of fallout. With the cessation of fallout this 
fraction would be eliminated altogether. In contrast, the Sr-90 of the soil 
constitutes a relatively long lived reservoir for future uptake. Diminution 
will result only from radioactive decay or if the Sr-90 is leached beyond the 
root zone. 

At the present time, it is not known to what extent the Sr-90 which occurs 
in milk may be due to direct deposition on leaves. This fraction presumably 
diminishes with time as the accumulation in soil increases and the rate of fallout 
remains approximately constant. For our purposes it will be assumed that all 
of the Sr—90 in milk is metabolized by way of the roots. This is a conservative 
assumption which tends to exaggerate the forecast of future levels. 

Milk from the milkshed previously discussed has been analyzed routinely since 
early 1954 (fig. 5). The Sr-90 level of this milk averaged 3.5 puc/g Ca in the 
period just preceding the sampling of the soils in October 1956. If we neglect the 
effect of fresh fallout, and further assume that the Sr-90 in milk is proportional 
to the amount in soil, the future level may be estimated as 3.5X2.3=88 uuc Sr-90/g 
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Ca. This prediction is in good agreement with the value of 8.3 uuc/g Ca which 
was similarly estimated by the data available from this milkshed in the summer 
of 1955. 

Our final problem is to estimate the burden of Sr-90 which will be attained by 
a population whose principal dietary source of Ca contains 8 wuc/g. As has been 
noted by previous speakers, it is known that human metabolism involves some 
measure of discrimination against strontium and in favor of calcium. Based 
on the data now available a child being nourished on milk containing 8 wye Sr- 
90/g Ca would be expected to develop a skeleton containing Sr-90 in somewhat 
lower concentrations than this value but probably higher than 4 uwue Sr-90/g Ca 
Thus 4-6 uuc/g Ca may be said to be the highest foreseeable value that will be 
attained from a diet containing 8 wuc Sr-90/g Ca. A value of 5 may be taken 
as the basis for discussion. 

Assuming 5 wyue Sr-90/g Ca to be the maximum value to be attained, one can 
ealeulate that this amount of Sr-90 will deliver a dose of 0.5 rads to the skeleton 
over a lifetime of 70 years. This compares with a normal skeletal irradiation 
of 7 to 30 rads resulting from potassium 40, carbon 14, cosmic rays, terrestrial 
gamma radiation, and radium. The maximum foreseeable value of 5 puc Sr-90/¢ 
Ca is thus equivalent to 1.5 to 6 percent of the dose from natural sources of 
skeletal irradiation. 

It should be noted that this estimate includes a number of assumptions which 
are deliberately conservative. No allowance has been made for the radioactive 
decay which will take place before the Sr-90 descends from the stratosphere to 
the earth. This may diminish the amount of available Sr-90 by about 25 percent. 
The assumption that all of the Sr-90 in milk originated by root uptake, is another 
conservative assumption. It has been estimated that 380 percent of the Sr-90 
in milk in 1956 originated by direct foliar deposition. The combined effect of 
these and other safety factors is apt to be appreciable. 

A number of individuals have raised the question as to whether a discussion 
of average fallout values is adequate to define the upper limit of hazard to people 
exposed to unusually heavy fallout. In this connection it is worth noting that 
as the data continue to accumulate from every corner of the globe the large 
deviations from average are in the safe direction. Whereas fallout values 
greater than twice the mean are rarely reported in any given region, it is not 
uncommon to observe values which are of the order of 10 percent of the average. 

This forecast has been made on the basis of data from Northeastern United 
States. How applicable are these data to other parts of the United States or of 
the world? Table 5 summarizes the concentration of Sr—90 in milk as observed 
in 6 domestic and 2 foreign sources of supply. These data, and the fallout 
measurements of figures 1 to 4 indicate that the Sr-90 content of dietary calcium 
might be higher in certain areas but a factor of 3 applied to the estimates for 
Northeastern United States should be adequate to bracket the highest foreseeable 
value, from tests to date, in any region of the United States. 


eee 


TABLE 1.—Scope of Sr-90 sampling program 








Type sample Frequency | Numberof | Total num- 
stations ber per year 

Soil: 

RINE BN is acca tedcaenwkies baudaeameidaneeatomeeaen Annually... 17 17 
Gummed film: 

PON ORE caine cc en cdaccawassetonnacticinadaawaninde Date incsece 39 14, 235 

OU 8. «sins vii cetaiddianicenacinseaanniiiad ee GOcsecdi 66 24, 090 
Pots: 

CN DUN goo soa sce danced cated eeseevanene seater 9 ‘ 7 84 

— ss i sll ee ican ws cadena edna 14 168 

MT inited UN cis ccinccntlnddudddiiniccwadsaektnnwncenudbmionehtaaiae OD sininiyiai 5 60 

oso 5 nono co danipabseukaeasaasduualicbeaaionane isaac 2 24 
Tl RN CNG SOR ins cectccnninscctbantedincuceinaiaial wil ancl Ds iecssrsess 1 12 
Canned fish_- tccainin sae, ccna teeishleaainiie een eee ciel 5 60 
Pasture program “(United States): 

Ea cui o sanen na tkta idan aneai es eam sane ee 7 168 

ON iii aik tienes sich tate ioeci salen etapa ieee 7 168 

DIE NAR... « «cccecicwn tccachicaiiiabiikcs souitta abamieisaamainaaeaeiaanadan do dahon 7 168 
Ce We Or NE cisco ccicicamassadiasik cunmiebannetunesid ae in 50 600 
BURSON NG soon cco ceca cca ids Dacacob adore candandaanaadapane eaeeaasinees 5 240 
PIOIGN BORE 6 x. 5 ibis isiddcccinnecimiceddacieetdammunsiatealuonnn bagemaasaae 20 11, 200 
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WTasLe 2.—Cumulative fallout data from gummed film through June 1956—world 


Sr-90 
Station me/mi2 
3: VARCNOTIED, -DIABER eek eanicke dpnerncinsicnmachcekinbes amie 8.7 
Fac II: SDI ta ag hips inh i aaah tg pa talianaaa nate 12.2 
SR NRG 5s SOONER icin ws cs te ci Bs 5 ani nomic serach csi eas 9.5 
Bh RAN ND a is ties nig doin winch Sela en ccep oie miaaialitebiaaate 11.4 
a itis ccrntiesincie cnn teesciniltecadtilaccescl liinieiieinininiatatlaaaa ciated 3.9 
FIND 1 RIN OY isi cen ccc Cacia hi aia pc gt dana ae Nia 9. O 
Ta, I Ft i wis cath nc cs pe amla me nda eel ie bese aaah cea ales 10.8 
Ri PEI HRIROIN RRO incense ere IE Noes css eine ener en etal 8.7 
PRINT: TUR sins Sonn sateen baacs Wactcini icccos ees oes open Kanes Recast Shania 11.0 
UA Ra RN issn eerie i il Stee cade ous wie es teadllee 7.8 
2A EO, DEW StI sc cis crs atts i a css Scharber Rtacenandcs 9.8 
ANAS EN at ripe tin nae ss aegis rar cae eae &.6 
13; }Beepwenville;, NewLOUnGand oo 32-55 cece nen ncensein sight aaa, 13.5 
as mR 9 Me UNNI agi os winsc is Richa Raia tacit By lk Raps iis Coe hr nes 5.8 
Cie RI Be ics DON a a a a ai ta a a ca 9.3 
RT ar Oh 2 CR BRNO ane as ap heen igdl as al cane tne acieale 12. 1 
ET iN i en aie is pc ccc let Rh Ni ch pc a aa 3.9 
Rach ROUD RA RON a aa cl ee gaia ld as Be 11.6 
SA ER SSN ETON RIO anc sien tlie cst ceils cals aes cadlp es ect eine 4.8 
Sire ARO aah a aaa a ee ae 6.4 
As MP OIIR SN CONNIE Oc ilecitcshiks Bilan anigta Oe ce a ac a Satta aaa 6.3 
SEERA, RRNA ae inset selenide si Oe ci ns taka ek ena 3.6 
SRR ARMING, (I ic a a cs Ta Na a aa es 3.6 
a Ge ac RW I is ca a agi vate han aaa es es ae aaa eg a pes iat lis 6. 2 
i NODA 2 CEN ins ices esac mecca aa Rglii nice acs ia ala ise eee ices 5.8 
eee, OUI ENON i ae ls ai a al a i la 5.0 
a OE a ee ae ee Pee Ne ane en ee 5.6 
a NT OI DNR i aa Saas et aaa a 11.2 
an PI IS oe eee ee See eee ee ee ee es %.9 
Us i UO NINN TINUE ices eh pid lan rea spinnin caudal cena, 9.4 
A nO ge IRIN TROON a fd pa wg ctaltn onl ccs cs Ra eae asec bes 14. 5 
is RR a a 15.9 
beep Uc ROTI NOIR RO pte reetnnacees SeaSE elias Bes é.2 
BO I SR i a a a a a 4.1 
Den: IORI MENTE, “ROTI RET: CONN oa ci ct aac Saw ds dotnet cies ea ida Elena 5.5 

TORINO AAAI NO i a i a aa erate ee a 
50s ORI, CUMIN DE OOCYTE UD i bees eS ee 4.2 
tk. 7 PAOD COST OE SOURCE OO os, os he cele teense Gatley ee 2.4 
SOUT RUAN AR NN Ne 6.5 
MO EO: EO A sie ee a a ee 6.1 
RNIN A; IO ic a tic a ne cin  aa c e  e la 13.9 
my NN este ae Ge aS a as Pi 12. 7 
pe PemER NINE PE as SS pe Se i ee a 13.1 
ARIS; SNNOU Shs i 14.8 
ARs II NNN eck ee oe oe cl — 
Arar a a ee apo abana a eann ao ogeearwa 18.3 
WEE OE i CO BNO i ee 11.2 
a NO ns i a es See Be ee 30. 5 
ME Ray URNS NN a a 14.6 
CN NII; INNS INI i ca sg td enlaces inches Socio chisas eevee 15. 8 
Sh iy CORRUAIIG: BIOTNOO ed a et a ge 14.0 
SO Nsrip OPSMUNE UR ORETRCY ISR U oa a i ee hg 18.2 
os» Ue eI i a ale se 10.1 
Bas, ene. Nee CRIOROH IR. so a ns ee ed 6.8 
Raced 1s PC 5 TRIN 6 assis cps deena esisedldiema menses Wma sees 4 
CR Te RNIN: PANE RN es ct eas ai se nea era 6.0 
Fic OUND ACUI UNO i ae «a ee 
rn RNR Ii tess ua kee ere 13.0 
De UNIS RNIN cts isk icra nla gee hi as nes eek ae a 3d. 
OMRON: TIN rt ket i See eee 6.0 
Scam nON RNNRT, NOUN SUN ACR i ae Bot 
MUNN NN SN NN in a a ae 
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TABLE 2.—Cumulative fallout data from gummed film through June 1956— 
world—Continued 

Station ane 

G6. BORGNOK,  TUAMONG 6s sista tectics ne ceencokaadakacasdedee ees 8.3 
GE: TOR NORE FRU ericson amnion as cantina coca ae 4.2 
OD; BAOTOVIA:, EADCRIR sicicctindiiicccendaiiedicmennagnanee 72 
Ge CNA. FI ia ssc ci cg ences 15. 6 
BE RCUIUO SONI is i icici ntti td dang kn canada ee 5.7 
GG, PRT, DR iii i ce a i ee 11.8 
| GO; sUGede, AMGUS ow ocd i d5s edo ncatintanasaaneaeees 8.4 
TO, Deemer WHiente. GOB iscctienndcctcikiniiieiee eee 13.6 
Fc, NG cisco ec gaa a 42-1 
Tas BROT OB iss eciteatb racism ao wiicipictia ices doeideee  e e eaabe a ee 71.3 
€S. TABOO: one cess Seco Sec eee 10. 0 
78; GENO hn cnencda case nese ee 19. 7 


TaBLe 3.—Cumulative fallout data from gummed film through June 1956— 
United States 


301, Deweork, WOR iis sii itcciease see eens ee 16. 0 

102: DOGisvie. Wee Scns cciecccccsnccdndmnanenieionnnicneaeaenae 14.1 

IGS, ROR WING:  DenG eo. csc cs came een eee 10.5 

100 .: Riems Wi i sce incom mespincsencee aman eae 15.7 

106, Atlent@: G@ so oe anh eens cae 11.0 

REG. PROP. Pia ii a cc cs cans sisi acca emer sacle pS 12.7 

LEG, PRUE, POs in coi acciccncacaticntiticcndae eee 18. 0 

147, New: York: (haGuardia) xc ne ee coee senna 16.7 

BER CER IN Win a sive teins cesses seins cs ese cent ptemoc tae 8.9 

| EER, .. SRR I Fa dss ad eiciecneeniehicaeeec nba sincebiiineanieiaainei bape acm 12.9 

BET i RR Wa CU i ise cantata Sick So aies sida abe cah tel ieee eens 12. 0 

| DE. CTV EG iain ivi nciticentteenckn ne Kee ctaiacid einen 7.9 

ERT RI a a tec asicnanaipcsalacies tacit a asl ccna aad esate br Oe 

EBS... Weems Cs oes ee eae eegeeceeeeeceweee 12.0 

| ISie CHOVOIIIIG, CORIO a ck cacdddidicacankduccuensdaacheh aaa 15.9 

IS&. Cape Hatteras: Ni Os nccnnncceoa eae i in iene ea 9.4 
| TBO COHGGRG: TNs - Sis esi cede cw aes 8.0 . 
WOE, I: PI ise excises csinticcihtaesiineicetain taal lade cea tidbaesdiana 13.8 | 
206; COPBUN CRIS: VOR in iin needs eee dcunenpeameneaeas 6.3 | 

Fe ANN Os or Sere ens ae as ee oreo eee 12.9 

DOs TER, INN inci oc caennencete sake tamale 14.7 

EEE, ROC RBEE: NON 5 i ee ee aaa acer eee 72:3 

SAT, Pu ONG Bic, asics cc wcsecceg cannes bain eam ea ee 11.6 

SP URC NTT ih is clan ect x easier eee ema aaser ta diame tbe 16. 4 

SE RI Pe, LOWE ine etn eitiiecectnc cmd 15. 5 

Se,  Fies B a oe ee ee te 18.9 

Sti I cits cists ass catasicscteastd cass coleman aa oka naam 14.5 

Se SR CONN BN og ie mins tacale bilnbasig usd cee ae 13. 6 

Sa rs on oes 2 wes nies aeennion eka eommemalinmnaaaaaae 18.5 

SORT Rae Ti i escent epistles cents Danial Deeg alae anatase eine 14.9 

S30; OSE SEG CUS, UG Bisse rience insane 34. 6 

SEG TN I nos caspase cn cece tc cod lnc mnie cape co 15.2 

Se), Cefeed Junction, Coleis 66cc ee cede uae eee 27.7 

ooo. Aipequeeins, WN. Metso ah cea ccneann eee 34. 9 

Seas RM: WRONG, TO iis cies cae la a ewes eo 17.8 

GEE. CONG, - WR ic trie eceeiaeie eats a ai 13. 4 

G8. TROGEOG: COR is tick cei ceed brine a ee 8.9 

GE, Cheri TTR, CT ii san ices id cits ies alee cel tg nama penceah 8.9 

440. Tinos Angeles, O66 is ccc Seat ctacnd eenneeas eeeeeee 6.8 





SOON icin 5 sat ceca ac i ai a a a a a a ea 14. 2 
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TaBLe 4.—Regional Sr-90 fallout cumulative to June 1956 























Soil Gummed film 
Regicn 

Number | Average | Total | Number| Average | Total 

of lo- me/mi? mega- of lo- mc/mi® mega- 

cations curies cations curies 
eb abakneee cannes 3 2.2 0. 02 1 0.04 
DOG PINDOINER icce conrenewenunwwin eis 33 9.4 49 70 67 
soos once nianereennnseaensinne 9 3.9 015 20 235 
t ONE HIND oOo nine skaineenenawenwnne 7 2.0 -08 8 .20 
SG IIINDS C Soccoesnaecaccounens a> 16 2.6 14 6 . 24 
' a em a te asset 1.50 
Ra intditiceckcrtindearsiaens 17 | 20.5 06 39 | 14.2 .04 


TABLE 5.—Dried milk analyses 





Sr-90 micromicrocuries per gram calcium 
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Locations: 





1. Perry, N. Y. 5. Mandan, N. Dak, 
2. State College, Miss. 6. Portland, Oreg. 

3. St. Louis, Mo. 7. Japan 

4, Columbus, Wis. 8. United Kingdom 
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$99 IN U. S. SOIL (HASL - OCT. 8, 1956) (HCI EXTRACTION METHOD) 
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II. CUMULATIVE GAMMA Dose THROUGH JUNE 1956 


I would like to submit the attached table, “Cumulative gamma dose as esti- 
mated by gummed film measurements through June 1956.” These data supple- 
ment the last report’ from the Health and Safety Laboratory, which covered 
the period through September 1955. 

It should be noted that these exposures are the theoretical exposures which 
would be delivered on the assumption that the measured fallout persisted indefi- 
nitely on the surface of an infinitely smooth plane. In actual practice the 
exposures would be very much less than the reported values due to various 
shielding factors as well as weathering. It is of course not possible to be quan- 
titative about these factors in a general statement but most investigators would 
agree that the overall effect of these factors would be to limit the whole body 
exposure to less than 10 percent of the reported values. 


Cumulative gamma dose as estimated by gummed film measurements through 
June 1956 





+ dose ~, dose 
Station millirads Station millirads 
Miiniuerisc, N. Metso... hase 126| Argentina: Buenos Aires_____-_-. 13 
RRO SN pe co seston ald 24] Australia: 
ene, RO 35 PROCINOUTNG 5 is oe oc e cine 11 
Ree enn on a ee ee ce 15 PT i a le RT 
Rie ERO. 2 ee ee O6)l ASOres ¢ Lim ts 25 
eae ee es 2 56} Belgian Congo: Leopoldville______ 10 
Cane Matteras: N.'C.. 3. OE TORII ees a a 29 
is rein irc ae BA t OHV. EAN FOB we cntnacade 17 
Cleveland, “hie. 22. eee 46| Brazil: 
OO IN, i PES ate ic momninn 18 BOOM 6 ciiecsennnesnssne ie 15 
Corpus Christi; Tex. s..... 15 | BAO POWC iin innicneenncnen oe 1z 
See 1 O6=  e At a anehbotow 37 | Canada: 
Hox Moines: tows... ... 88 Churchill, Manitoba______---_- 6 
aaa 2 Edmonton, Alberta____----__- 18 
Grand Junction, Colo.............. 13 Goose Bay, Labrador__------- 18 
Jacksonville, Fla__...___________ 19 Moncton, New Brunswick... 17 
Knoxville, Tenn___._.__--_______ ° Montreal, Quebec ~---------.. 21 
Se WR a 5G Moosonee, Ontario____--___-_- 19 
Los Angeles, Calif.__._______._____ 12 North Bay, Ontario.-..=.—... 20 
Wei AI 2. Ottews, “Opcario....2.<..3.- 18 
a tina 12 Regina, Saskatchewan_____~-- 17 
Memphis, Tenn ee a ee 58 Seven Islands, Quebec______-- Lt 
RI Lc fae 28 Stephenville, Newfoundland__. 29 
Minneapolis, Minn___----------_- 31], Winnipeg, Manitoba_-------.- 23 
New Haven. Conn____.__._-___.-- 97 | Ceylon: Columbia acento comin creeuien artes “9 
New Orleans. La_______......__.. 36 | Colombia: Bogoté__-------------- 15 
New York (La Guardia). __-... 3 Costa Rica: San Jose_----------- 18 
Philadelphia, Pa___-________--__- 95 | Ecuador: Quito_______----------- 11 
Pied Mh ee 29 Ethiopia: Addis Ababa oe ee oe 14 
Rapid City, S. Dak______________- 3 French West Africa: Damar. 8 os 11 
Lie Ce 24 Germany : Rhein POeA oe 15 
St. Louis, Mo ea here Seles hn Lee 42 Greenland : Piss ciara atica 8 
ett Se ACY, OCA oct oa 127 Hiaw = - P= q es 
San Francisco, Calif__._.________ 13 I rench Frigate Shoals___----- oti 
Scottsbluff, Nebr._.____---_----_- Eee etme = 
Seattle, Wash_--__-------------- 22 ee ee ee 25 
Tucson, Ariz_-_----------------- 29 | Iceland: Keflavik --------------.- 24 
Weenmmeion, 0), Oo eee ccn 22 Japan: 
WV RCTIIGG, FRM oo ee 40 PORN A i Smee 22 
Alaska: MANN oot bie tice Snes seseieens 22 
MOTION OO oo os hee ctetcue 138 DNORRR8 5 ce co ceceoe sac 27 
ROR Ne 18 OE CO eee awn oa ee 23 
PUNO R so e reebiciialinn BG LARGE o. TU RO asses ican neces 
PINO  wcim casnicisas ara esee abana BZ Seno ¢ BGG eee eens 26 


1 Radioactive Fallout Through September 1955, by Merril Eisenbud and John H, Harley, 
Science 124, 251-255 (1956). 
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Cumulative gamma dose as estimated by gummed film measurements through 
June 1956—Continued 


+ dose dose 


Station millirads Station millirads 
Liberia: MOmgGViieca acta ccdesen 13 
Malaya: Singapore_.....-_._-_-.. 20 Manila, Philippine Islands_...§ 36 
Mexico: Mexico Oity.io...sccseun 28 NW os hed cee cei 22 
Morocco: Sidi Slimane____-_-_-_. 20 Noumea, New Caledonia______ 16 
New Zealand: Wellington___.____ 8 a apes, Taiwal.. 3. 39 
INibOOEE *: EROO8 oc cides 7 "Wrale Taree ns oo 21 
Norway * O8i0.-.4224.42555560. 2-5 12; Panama Canal Zone_..-.__--___. 17 
Pacifie islands: PetG? RAO ot ec 7 
Yap, Caroline Islands__.----- 46 | Puerto Rico: San Juan____----___ 23 
Guam, Caroline Islands___--- 149 | Saudi Arabia: Dhahran _________ 13 
Truk, Caroline Islands____--- 73 | Scotland: Prestwick__......______ 16 
Ponape, Caroline Islands__---~ 104 | Thailand: Bangkok ~.........._.. 35 
Casiton Isi@NG@ini3. te cncten Sak h RIOR > Cg eid cee 25 
IW 2064 deeds 159} Union of South Africa: 
a ommnisbots DRUG a as sis cries 40 TERI octet daca cein gatas 6 
medenn. Okinawa... ~- Ean bs coevciis a ibaiaticdae 7 
Koror, Palaw Island.._....... 37 


Mr. Etsensup. In this discussion I will describe the sampling pro- 
gram of the Atomic Energy Commission, and summarize for you 
the many useful conclusions that have been derived from analyses of 
the data. 

The fundamental purposes of these studies are threefold: 

1. How much strontium 90 has been deposited on the earth’s surface ? 

2. How much strontium 90 from detonations to date remains sus- 
pended in the upper atmosphere, and how long will it take to precipi- 
tate? 

How much strontium 90 will human skeletons contain when they 
are in equilibrium with the expected levels of strontium 90 in soil ? 

All of these subjects were discussed for you by specialists in meteor- 
ology, oceanography, and soil chemistry. Now that the theoretical 
background has been presented, I will present the data that have been 
obtained as a result of several years of study. 

Samples are collected throughout the world for strontium 90 analy- 
ses. Most of these are sent to the United States for analyses, but 
others, in increasing numbers, are analyzed in the laboratories of other 
lands by many scientists whose data, like our own, are routinely sub- 
mitted to the United Nations Committee on the Effects of Radiation. 

Monitoring for radiostrontium can be divided conveniently into 
studies of its geophysical and biological distribution. Under the 
former classification are collected those samples which give us an 
understanding of the behavior of radiostrontium from its formation in 
the fireball to its deposition on the surface of the earth and incorpora- 
tion into soils. The biological studies trace the movements of stron- 
tium 90 from the soils and waters through the flora and fauna of the 
oceans, pastures, and farms, to the skeleton of man. 

Types of samples: For studies of the geophysical distribution of 
strontium 90, various kinds of samples are sought. <A soil sample, 
expertly selected, can represent the accumulated fallout at a given 
location. An ideal sampling site is considered to be an open, level area, 
undisturbed by cultivation and covered by grass or simple vegetation 
to immobilize the surface. The most common division of sampling 
is to collect the top 2 inches and the 2- to 6-inch layer separately. The 
known area and the measured weight of sample allow the strontium 90 
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measurements to be converted to terms of millicuries per square mile. 

Stainless-steel pots, with a face area of about 1 square foot, are 
finding increasing application in fallout sampling both here and 
abroad. ‘The collected precipitation and dust are analyzed for stron- 
tium 90 at intervals, usually on a monthly basis. 

The gummed-film collector was developed for a simple collecting 
technique suitable for network operations, where large numbers of col- 
lecting stations employ untrained personnel. This collector has an 
adhesive surface of 1 square foot which is exposed for 24 hours. A 
network of up to 200 stations collecting daily samples has been operated 
by the Health and Safety Laboratory of the Commission since 1951. 
Samples are mailed to the Laboratory where the analyses are 
performed. 

Radioactive particulates suspended in the atmosphere can _ be 
studied by drawing a large volume of air through a filter. This type 
of sampling has been carried out at the earth’s surface, in the lower 
atmosphere by aircraft, and in the stratosphere by balloons. 

For studies of the biological distribution, the chemical similarity 
of strontium and calcium makes it desirable to use the strontium 90 
to calcium ratio in tracing strontium 90 from soils to man. A useful 
unit, described to you yesterday, is the micromicrocurie of strontium 
90 per gram of calcium. 

The three principal types of samples taken for analysis are (1) 
vegetation, including both animal and human food, (2) milk, and (3) 
human bone. 

The major source of body calcium in the United States is milk ; hence 
its analysis has received considerably more attention than that of any 
other foodstuff, although other foods may have a higher strontium 90 
to calcium ratio. Actually, cow’s milk contains less strontium per 
gram of calcium than do the vegetables which comprise the balance 
of our calcium intake. This is because biological processes in gen- 
eral tend to discriminate against strontium. Thus the strontium 90 
has been selectively eliminated by 2 stages—the vegetable and the 
cow—in the case of milk, and only 1 stage in the case of vegetable. 
Milk seems to be the most practical index of human exposure to 
strontium £0 because it is the source of most of the calcium in the 
skeletons of American adults, and it is a material which is relatively 
easy tosample. 

Analyses of human bone afford a direct measure of the strontium 90 
level at a given time. These samples show the lowest levels of 
strontium 90 of any biological material being analyzed. Since human 
bone is not yet in equilibrium with the strontium 90 of the environ- 
ment, however, measurements made at the present time are only of 
value when viewed in relation to other materials, particularly human 
food and the present and predicted levels of strontium 90 on the 
earth’s surface. 

The subject of strontium 90 in human bones will be discussed in 
very great detail by Dr. Kulp, under whose capable direction these 
studies have been undertaken. 

Estimates of fallout obtained by analyzing soil samples and gummed 
film are given in these charts. (See pp. 570, 571.) 

I will explain for you, so you can compare the two, the data that 
have been collected throughout the world by two basic procedures 
that we use—gummed film and soil analysis. 
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You will note that in general the gummed film yields higher esti- 
mates of fallout than are actually observed by soil analysis. The 
reason for this is not clear, and remains to be investigated. But if 
we integrate the total amount of fallout on the surface of the earth, 
as prepared by the estimates from gummed film data, we come out 
with a total of about 114 megacuries. That is, 1.5 million curies of 
strontium 90 are estimated from gummed films to be deposited on the 
surface of the earth; whereas in the case of soils we estimate about 
0.8 million curies, 800,000 curies of strontium 90. 

Thus, for some reason or other, which remains to be explained, 
the soil analyses yield about 59 or 60 percent of the values obtained 
from the gummed film, and for the purposes of discussion, I will use 
an intermediate value of 1 megacurie, which is in within 25 or 50 
percent of either extreme. 

Now, these charts are worth a considerable amount of study. One 
sees here the evidence of the latitudinal variation in results that was 
discussed by Dr. Machta yesterday and which has been noted in the 
publication of Dr. Libby. I want to caution you, though, that the 
difference is not a very large one, as we will see when I present the 
summaries of these data. 

Particularly in the case of the soil samples one notices a path of 
higher fallout through the northern latitudes, with a corresponding 
diminution as one proceeds in a southerly direction. The same effect 
is also apparent in the case of gummed film, although the differences 
do not seem to be as great. 

Mr. Chairman, you inquired yesterday as to whether we had any 
information about Japan, and I can submit data on the basis of both 
soil analyses and gummed films. We operate four gummed-film sta- 
tions in Japan. These data indicate that the fallout in Japan is not 
higher than it is in other places in the northern latitudes, and, in fact, 
is considerably lower than in most parts of the United States. 

Represent Horirtetp. In order to make the answer very clear—I 
do not believe your answer was as clear as I would like to have it on 
the record—have we used the same methods in testing the soil of Japan, 
and the same scientific methods in testing it there as we have in vari- 
ous parts of the world, including the United States? Have you used 
the gummed paper and chemical analysis of the soil ? 

Mr. E1sensup. The analysis by means of gummed paper is the same 
as it is elsewhere in the world. We use one method for all samples. 

Representative Hortrietp. You have not answered my question, 
and this is an important question because we do not want to convey 
to the people anything but the exact truth on this matter. We want 
to know if the same type of sampling was used on Japanese soil that 
is used on the American soil. 

Mr. Etsenrup. Yes, sir. 

Representative Hoxirmep. So that the comparison is a valid com- 
parison ? 

Mr. Ersenrup. Yes, sir. 

tepresentative Hoxirrenp. Thank you. 

Mr. Etsensup. I want to add, along those lines, sir, that in recent 
months we have had confirmatory evidence from other governments. 
The Swedish Government, the British, the Canadians, the Japanese, 
perhaps 1 or 2 others, have submitted their own estimates derived 
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by methods which are similar but from analytical procedures in their 
own laboratories which indicate that, in general, we are in agreement. 

Now, this chart (figs. 5 and 6) shows the latitudinal deposition. 
It is identified by the upper horizontal bars, which are the result of 
the soil samples, and the lower horizontal bars, which are the result 
of gummed-film data. (See p. 573.) 

One notes, first of all, that the fallout in the United States is in 
fact very much higher than elsewhere in the world; secondly, that 
the North Temperate Zone does, in fact, show the stratification that 
Dr. Machta was talking about yesterday. But I would like to empha- 
size for the record, sir, that these differences are not large differences, 
‘They are diiferences that are going to require the resolution of fine 
shades of scientific opinions, but in terms of their practical significance 
I do not believe there is any difference between the interpretation that 
we have placed on these data in the past, and the way they are inter- 
preted by some at the present time. 

Ve have always known that the North Temperate Zone was higher 
than elsewhere in the world. In the past we attributed it to excessive 
tropospheric deposition. It appears now that perhaps the difference 
may be due to collective stratospheric deposition, but the fact is we 
knew it wasthere. So the evidence has come from these measurements, 
and not from theory. 

Senator Bricker. Doctor, how do you account for the fact there is 
a reversal of the testing in the United States, the soil testing showing 
a greater deposit than the gummed testing, and the reverse is true in 
the other testing ? 

Mr. E1sensup. I do not know. The reason I was hesitating when 
Chairman Holifield asked his question before is there was a difference 
in the chemical procedures for these samples 2s compared with some 
of these [indicating], but this difference is at most 30 percent, and 
would not explain the complete reversal you see here. 

Senator Bricker. It isnot asmarked as that graph shows? 

Mr. Ersennup. I suppose this is the point in my presentation where 
we have to emphasize, as others have, that we have much to learn, and 
there are a great many things about these data that remain to be 
explained. 

This, then, will summarize. How much is on the ground as of mid- 
1956 4 

I am going to use, for purposes of discussion, the round figure of 
1 million megacuries of strontium 90, which is the intermediate of 
0.88 estimated from soil analysis and 1.5 estimated from gummed film. 

Senator Bricker. If there were no more radiation activity put into 
the atmosphere at the present time, would the decay on the face of the 
earth offset the fallout that will continue for the years ahead 4 

Mr. Eisensnup. No, sir. Iam going to come to that in some detail. 
That is a very important point, Senator. It is estimated in mid-1956 
approximately 2.4 megacuries of strontium 90 were suspended in the 
stratosphere. The rate of precipitation of strontium 90 must also be 
considered in any estimation of future hazard. If the time of descent 
was infinitely creat, the strontium 90 would decay before it reached 
the earth’s surface, and would not constitute a potential hazard. 

Actually, we have learned that the time of descent is relatively short 
in relation to the half life of strontium 90. It is estimated that the 
average residence time is approximatly 10 years—equivalent to a half 
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life of 7 years. It is possible this estimate is too long, and the average 
life may be as little as 6 to 7 years. 

In any case, the bulk of the radioactive dust now stored in the 
stratosphere will have deposited by 1970. ‘Thus essentially all of the 
2.4 megacuries of strontium 90 stored in the atmosphere as of mid-1956 
will be deposited on the earth’s surface by about 1970. 

This discussion will assume that the stratospheric fallout will be dis- 
tributed in approximately the same pattern as in the past. 

You see we do not have to hypothesize about the distribution in the 
stratosphere, because the pattern has been developed, and we will just 
assume that this, as Dr. Machta pointed out, will ultimately disclose 
what the stratospheric pattern is. 

Now what, then, does the 1 megacurie on the ground plus the 2.4 
that will be on the ground mean to man? 

Our discussion of future levels of strontium 90 in man will be based 
on data for a region in Northeastern United States where the deposi- 
tion of strontium 90 averaged 20 millicuries per square mile. Of this, 
about 6 millicuries per square mile is estimated to be tropospheric 
fallout from tests prior to mid-1956, 

Another thing I want to point out, in fairness to all of you—is that 
Dr. Machta might disagree with this figure. I think instead of being 
6, he might estimate as high as 8 or perhaps 10. But this would not 
affect the conclusion. My own estimate is 6 millicuries per square 
mile. In other words, 20 minus 6 equals 14 millicuries per square 
mile. ‘This was the level which it is estimated that then existed. 

It is estimated that when the 2.4 megacuries then in the stratosphere 
has deposited—I am talking about mid-1956—the deposition on this 
milkshed will be 45 millicuries per square mile, about 2.3 times the 
level in mid-1956. 

To define the potential risk from a viven distribution of strontium 
90 on the surface of the earth requires that the distribution be quanti- 
tatively related to the skeletal burden of strontium 90 of a human popu- 
lation in dietary equilibrium with the soil from which its nourishment 
is derived. ‘This equilibrium is already established for a variety of 
raidoactive elements normally present in the earth’s crust. 

For example, the average upper foot of soil in the United States 
contains about 1,000 millicuries of radium per square mile. The 
average adult skeleton in this country contains 10~* microcuries of 
radium, resulting from assimilation of this trace element from foods 
and water. Thus the value of 10-* microcuries of radium represents 
the amount deposited in the skeletons of thé populations whose min- 
eral metabolism is in equilibrium with the soil minerals. 

Freshly deposited strontium 90 takes a relatively long time to com- 
plete the biological route to bone, since bone being formed at the 
present time utilizes calcium which left the soil in months gone by. 
In addition, storage of cattle fodder and holdup of human foods in 
commercial distribution lead one to expect the human strontium 90 
burden to lag in time behind a given soil concentration. Equilibrium 
can be expected to be achieved over a period of years, but not over a 
period of months, or even a period of a few years. | 

During periods of actual fallout the concentration of strontium 90 
in milk originates from the soil by normal root uptake as was dis- 
cussed yesterday, or it may short-circuit the soil through deposition 
directly on the leaf and ingestion by the cow. 
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At present, the extent to which strontium 90 occurs in milk as a 
result of direct deposition on leaves is not known. This fraction 
presumably diminishes with time as the accumulation in soil increases 
and the rate of fallout remains approximately constant. In contrast, 
the strontium 90 of the soil constitutes a long-lived reservoir for the 
future uptake. Diminution will result only from radioactive decay 
or if the strontium 90 is leached beyond the root zone. For the pur- 
pose of this discussion it will be assumed that all of the strontium 90 
in milk is metabolized by way of the roots. This is a conservative 
assumption which tends to exaggerate the forecast of future levels. 
Milk from the milkshed previously discussed has been sampled rou- 
tinely since early 1954. 

This pictogram gives the variation and the gradual increase of 
strontium 90 in micro-microcuries per gram of calcium in the milk 
of this large milkshed in the eastern United States. 

There are a considerable number of details about which many in- 
teresting scientific discussions can take place, but the thing that is 
important is that the milk up until the end of December 1956 was 
gradually increasing, with some variations, which are presumably 
soil in origin, and which are becoming less important as time goes on. 

Representative Horirieip. Will you give us the percentage increase 
inthat period? Was it 2 years or 3 years? 

Mr. Ersensup. It has gone from half a mirco-microcurie per gram 
of calcium toabout 5. That is about a tenfold increase. 

Senator ANDERSON. . Do you expect that trend to continue? 

Mr. E1sensup. I am going to deal with this, It is a very important 
question. May I cont inue? 

Representative Horirretp. Yes. 

Senator Anpverson. I mean, if you do not expect it to continue, 
you give us the scientific basis why. 

Mr. Ersensup. I expect it to continue in a certain value. The next 
question I must answer, or attempt to answer, is what must this 
value be. 

Representative Hortrieip. Do you believe you have an actual com- 
putation of the amount of fissionable material that has been released 
into the atmosphere from the three nations capable of testing these 
weapons ? 

Mr. Etsensup. Yes, sir. It depends on how you define accuracy. 
There are areas in normal life, as well as in se ientific work that where 
sometimes a factor of 10 is considered to be good enough. So vou 
say a hundred thousanc or a million, and you do not make any differ- 
entiation between them. 

Obviously in this case, we want to do better than that. My own 
opinion is that we can estimate this within a factor of two, which I 
think, considering the levels that we are at at the present time, is suf- 
ficiently accurate to enable one to make a forecast of human hazards. 

Representative Hortriecp. This would indicate, then, that you have 
confidence in your testing mechanism, whatever. they may be, from 
the st: indpoint of the global testing ? 

Mr. E1sensup. I have considerable degree of confidence, and per- 
sonally have been very pleased by the amount of confirmator y evidence 
that has come in from investigators in this country and in other parts 
of the world that have tended to support the conclusions that we drew 
ina very preliminary way a year or 2 years ago. 
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Representative Hortrrexp. Is it possible for you to extrapolate from 
air samples tested, let us say, over the United States, the power of 
the weapons which we have tested in the Pacific within any reasonable 
degree of accuracy ? 

Mr. Etsensup. Well, sir, I am concerned in the analysis of the 
samples with the implication of health, and I am not attempting to 
diagnose weapons or estimate yields on the basis of the chemical work 
that isdone. I think this is beyond my competence. 

Representative Hortrterp. So you measure the amount of radio- 
activity in the air without any reference at all to the number or yield 
of weapons detonations which have taken place ? 

Mr. E1sensup. That is right, sir. 

Representative Honirietp. You start with that fact? 

Mr. E1sensup. Yes. 

Representative Hortrierp. I see. 


Senator Anperson. Did you say something about these data being 
based on studies 2 years ago, or rather some conclusions being based 
on studies of a couple of years ago? You mentioned that just a mo- 
ment ago. 

Mr. E1sensup. Yes, sir. I think in general, the model that has 
been developed has grown firmer with time, and has developed a con- 
siderably finer detail and greater internal consistency, if you will. 

I think, unfortunately, many of the investigators, being very close 
to their particular specialty, have tended to emphasize differences in 
this fine detail, which do not really affect the conclusions one draws 
from the data. 

Senator Anperson. I do not have your final statement. Have you 
referred to the National Academy of Sciences, or somebody, as having 
dealt with this matter ? 

Mr. Etsensup. Yes, sir. That is a very fundamental part of the 
National Academy of Sciences study which was published last June 
and is still 

Senator ANprerson. The study of the National Academy of Sciences 
was published last June? 

Mr. E1sensup. Yes, sir. 

Senator Anperson. What data was that based on? What year? 
What period of time did it cover? 

Mr. Etsensup. They have access to data up through September 
1955. 

Senator Anperson. Did they have these figures showing a 10-per- 
cent increase ¢ 

Mr. E1sennup. No, sir; these are about to be published now. But 
there is nothing surprising about these data. This is exactly in line 
with the forecast made about a year ago, and which I will cover later 
on in my prepared statement. 

Senator Anperson. I am just reminded that I meant 10 times. 

Mr. Etsensup. Tenfold. 

Senator Anperson. Tenfold, yes. The National Academy of Sci- 
ences is constantly quoted as saying there is no danger from radio- 
active fallout, and so forth. Did they look at this tenfold increase 
when they said that ? 

Mr. Etsensup. When they saw the data it was not tenfold, but per- 
haps sevenfold, and the increase has been by the expected amount. 
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Senator Anperson. Has it been a curve that is moving upward, or 
is it a steady line? 

Mr. Etsensup. I think you are as good a judge of this as I am, sir. 

Senator Anperson. It looks to me that if you plotted a curve, it 
might be moving upward very rapidly. 

Mr. Etsensup. It has got to reach a limit. 

Let me get to this, if I may. 

Senator Anperson. Allright. Why does it have to reach a limit? 

Mr. Etsensup. Well, because there is just so much strontivm, and 
when it is all accounted for there just cannot be any more from deto- 
nations to date. 

Senator Anperson. But if it is accounted for by being deposited 
on the skin of the earth, it is quite a bit different from being buried 
somewhere, is it not? Never mind. I should know better than to 
start asking that type of question so soon. 

Representative Hortrreip. Doctor, in making this statement, and 
bringing this chart to us, are you bringing to us information which 
has been approved and accepted as the Atomic Energy Commission’s 
calculations, or is this your personal calculation? Are you doing it 
independently as a scientist ? 

Mr. Etsensup. This is an independent calculation, but with the 
assistance of my colleagues and consultation with others within the 
Commission. We do not have the machinery within the Commission 
for producing a single so-called Commission computation. 

There are a number of investigators within the Commission, and a 
great many more among the contractors of the Commission, all of 
whom are taking the same body of information and attempting to 
interpret it in their own way. 

Representative Horirretp. But the committee can understand that 
this is a statement approved by the Atomic Energy Commission ? 

Mr. Etsenzup. No, sir. I believe I am testifying in my individual 
capacity today, although 

Representative Horirretp. That is the point I wanted to find out. 
That is fine. 

Mr. Etsenpup. Yes, sir. 

Senator Anperson. Just one minute. Are you not in the New 
York Operations Office of the Atomic Energy Commission ? 

Mr. Etsenpup. Yes, sir. 

Senator AnperRson. You are an employee of the Atomic Energy 
Commission ? 

Mr. E1sensup. Yes, sir; but this is my statement. I am not reading 
a statement on behalf of anyone else. 

Senator Bricker. By that you mean that not all of the scientists 
in this field who are engaged in Atomic Energy Commission work 
would agree completely with you ? 

Mr. E1sensup. I think they would agree with regard to the general 
conclusions. I think there would be a considerable measure of dis- 
agreement regarding details. But I think, as we hear about disagree- 
ment, we must ask ourselves, Does this disagreement really affect the 
conclusion ¢ bats 

Representative Horirretp. Before we leave this part—and this is 
not to embarrass you, sir, but this is that the record may stand on 
its own feet, so to speak—you are presently on leave from the Atomic 





ee 





RADIOACTIVE FALLOUT AND ITS EFFECTS ON MAN 583 


Energy Commission, and you are acting as consultant to the United 
Nations? 

Mr. Esensup. No, sir. I returned to active duty on Monday of 
this week. My 90 days with the United Nations were up. 

Representative Hoxirrecp. You have been over the past certain 
period of time a consultant to the U. N. on this matter? 

Mr. E:sensup. No, not on this matter. I was senior scientific 
adviser to the Preparatory Commission drafting the program for the 
new agency. 

Senator Anprerson. Your name was on the agency payroll all the 
time; was it not? 

Mr. Etsensup. I was on the United Nations Preparatory Commis- 
sion payroll for the 90 days, on leave from the Commission. That 
period expired on Monday of this week. 

Representative Hottrrecp. Thank you, Doctor. 

Mr. Etsensup. Now, the strontium 90 content of the milk from this 
milkshed averaged 3.5 micromicrocuries per gram of calcium in the 
period just preceding the sampling of the soils in October 1956 when 
the estimate of total fallout in this milkshed was made. 

On this basis, then, we would expect this level of 314 micromicro- 
curies per gram during this period to increase by a factor of 2.3 over 
the next months or years. So that the ultimate concentration in this 
milkshed will be 8.3 micromicrocuries per gram. I am sorry. It 
would be 8 micromicrocuries per gram. That will be ultimately some- 
where about here [indicating], a little higher or a little lower. This 
is our best estimate at the present time. 

Representative Horirretp. That would be a factor of how many? 

Mr. Etsenpup. 2.3 over this level in here [indicating]. This is our 
base—the average of these months. 

Chairman Durnam. That is based on the fact that all of it falls 
out ? 

Mr. Etsensup. Yes, sir. 

Representative Horirietp. May I ask you why you use the 1955-56 
level as a base rather than going back to 1954 as a base ? 

Mr. Etsensup. We use this level as a base because this was the 
period when we were doing soil sampling in this milkshed, and what 
I want to do is relate the total amount on the ground, what is in the 
stratosphere, and this milk level during this period. 

To show you this is a consistent pattern, sir, we did the same thing 
back here [indicating] a year ago in data which have been published. 
At that time we estimated that the maximum would be 8.3. So that 
1 year has gone by, we have a lot of additional data, and we have 
revised our estimate from 8.3 to 8. Of course, there is no difference 
between the two. 

When I say it is going to 8.3 or 8, this does not rule out the possi- 
bility that it may go to 10, but it certainly would not go to 80, 

Based on the data now available, a child being nourished on milk 
containing 8 micromicrocuries of strontium 90 per gram of calcium 
would be expected to develop a skeleton containing strontium 90 in 
somewhat lower concentrations than this value, because the human 
metabolism discriminates in some measure against strontium. 

Senator Bricker. What is the relation of that discrimination to 
the amount of calcium that is in the milk? If there is more calcium 
in the milk is it a discrimination against strontium, greater or less? 
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Mr. Etsensvp. I am way out of my field now, but I think I can 
answer this competently. If the individual is on a calcium-deficient 
diet, then relatively more strontium would be taken up. But children 
who drink milk usually have a fairly large excess of calcium in their 
diet. 

Senator Bricker. The more calcium the less of the strontium that is 
assimilated ? 

Mr. Etsensup. Yes—well, yes, sir. Based on data that have become 
available in human and animal experiments, a person on a diet of 8 
micromicrocuries of strontium 90 per gram of calcium should develop 
a skeleton which has somewhere between 4 and 6 micromicrocuries per 
gram. So we start with a diet of 8, and it will drop to somewhere 
between 4 and 6. This seems to be the lower and upper limit. 

Representative Horirimerp, Dr. Eisenbud, for the benefit of the lay 
readers who are not familiar with the term “millicuries,” will you, or 
can you, in lay terms, express what this increased strontium 90 in milk 
means? When we talk about a tenfold increase in millicuries, this 
may be very alarming. Can we in some way express in layman's 
language this term so that the mothers, when they read this statement, 
will understand the significance of that measurement in relation to, 
let us say, a damaging amount? If you can draw any kind of 
comparison. 

Mr. Etsensvp. I would prefer to leave the question of what level 
is damaging to the expert speakers who will come later on in the 
program, but I think that, for the purpose you have in mind, perhaps 
it would be worthwhile to point out that, when it is expressed simply 
as millicuries, which is a unit of activity, the natural radioactivity of 
milk, the radioactivity that has always been present not only in milk, 
but in other foods, is very much greater. It is my recollection that a 
quart of milk contains about, I think, a thousand disintegrations per 
minute. This is roughly 400 micromicrocuries. Now, a pound of 
beeksteak—again I am relying on my memory—has about 2,000 dis- 
integrations per minute. ‘That is almost a thousand micromicrocuries. 

Senator AnpErson. One time you use micromicro something else, 
and then you say “disintegrations.” Can you keep it in pecks, quarts, 
or bushels? 

Mr. Ertsenrup. When we talk about the amount of strontium 90 on 
the earth’s surface, we talk about millicuries, because we are talking 
about relatively large amounts. 

Senator Anprerson. Did you not start out to tell us what the natural 
amount of strontium 90 might be in milk, and then how much was 
added to it by these detonations? What is the relative ratio? 

Mr. Etsensup. The ratio of millicuries? 

Senator AnpErson. Well, whatever the unit of measurement is. In 
one study you found out it increased tenfold. What has happened 
in ordinary milk that you know about, against what might have come 
from strontium 90? 

Mr. Ersensup. All right. If you took a sample of milk before 1945, 
and put it in the Geiger counter, the background would go up because 
the milk always has a certain amount of radioactivity, just as all foods, 
rock, and tissue do. If you take a sample of milk now, and put it in 
the same Geiger counter, you cannot detect any difference. The dif- 
ference is so small, against the background of radioactivity that is nor- 
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mally present, one cannot detect this strontium 90. You have to break 
it out chemically, and count it by low-level procedures after you have 
eliminated the natural radioactivity. 

Senator Anperson. If it is so low that it is not measurable, is it at 
all dangerous? 

Mr. Ersensvp. I think this gets us into a later section. For the 
record, and for orientation at this point, I can tell you that the maxi- 
mum permissible exposure, or maximum permissible dose in human 
skeleton for public exposure, as recommended by various bodies that 
have considered this, is of the order of a hundred micromicrocuries 
per gram. One hundred. 

Representative Horirreip. How much do we have? 

Mr. Etsenrup. Dr. Kulp later on this afternoon will no doubt tell 
you it is somewhat less than one. I am about to forecast how high it 
may go. 

Representative Horry. All right. Now let me ask you a ques- 
tion. Ina normal calcium diet—I am going to refer this to children— 
in a normal calcium diet of a child, is it not true that most of the 
calcium is passed on through the bedy and is not retained 4 

Mr. Ersenrup. I understand that is so, sir. 

Representative Hoririritp. In case there is strontium in that diet, 
mixed in that diet, is there a tendency for it to pass on through the 
body the same as calcium does? Or is there more of a tendency to re- 
tain it in the body than there is calcium ? 

Mr. E1tsennup. No, sir; it passes through like calcium. In fact, a 
little more of it passes through. That is why there is this discrimina- 
tion. The human body prefers to take up calcium. Most of the time 
it cannot tell the difference between a strontium and a calcium atom, 
but sometimes it can. So, somewhere between 50 and 75 percent of the 
original ratio is retained, but, in general, it does pass through the body 
the same way as calcium does, and even a little more. 

Representative Horirrero,. How does this compare to the natural 
radium that is in the milk ? 

Mr. E1sensup. The uptake of radium is considerably less than the 
uptake of calcium. 

Representative Hortrrerp. Therefore, the retention of radium would 
be less, presumably, in the bone? 

Mr. Eisensup. Millicurie for millicurie, I would expect the uptake 
of radium to be less; yes, sir. 

Representative Horirretp. Then there is an affinity in the bone pri- 
marily for calcium, secondarily for strontium 90, and, in the third 
instance, for radium, in that order, you would say ? 

Mr. Etsensup. Yes, sir. Others may correct me on this, but this is 
my opinion. 

Senator Bricker. Mr. Chairman? 

Representative Hotirretp. Senator Bricker. 

Senator Bricker. Is there the same tendency on the part of plant- 
life in high calcium soils to reject the radioactive strontium as you find 
it in the human body ? 

Mr. Ersensup. Yes. Really, I think that Dr. Alexander yesterday 
discussed this question in some detail, and pointed out that there was 
a discrimination in going from soil to plants, and then again within 
the body of the—— 

Senator Bricker. Animal? 
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Mr. Etsensup. Animal. 

Senator Bricker. And again, then, in the content of the milk there 
is a reduction, a natura] reduction ? 

Mr. Esenpup. Yes, sir. 

Senator Bricker. And then in the human body itself? 

Mr. E1senzup. Yes, sir. 

Senator Bricker. So you have four steps there, really, of discrimi- 
nation against this alien element, you might say ¢ 

Mr. Etsensup. Yes, sir. 

tepresentative Van Zanpt. Mr. Chairman? 

Representative Hortrretp. Mr, Van Zandt. 

tepresentative Van Zanvt. Dr. EKisenbud, for the benefit of the rec- 
ord, can you give us, in plain words, the chemical structure of stron- 

tium 90? 

Mr. Ersensup. In the atmosphere it is usually as a silicate or car- 
bonate, in the form of dust. 

Representative Van Zanpr. In the form of dust? 

Mr. Etsenrup. Yes, sir. 

Representative Van Zanpr. Thank you. 

Representative Horirrerp. Dr, Eisenbud, where is the milkshed you 
referred to, and how large is it ? 

Mr. E1senrup. This is the milkshed located in the middle of New 
York State. The plant that processes this milk is located in western 
New York, and we regard these as representative of the New York 
milkshed. 

In the full text of the report, sir, you will have tabulations of data 
like this for six milksheds in the United States and abroad, but I think 
you will find the numbers are in general agreement. For a while, 
one milkshed will get a little higher and then it will drop back to 
the others. 

Senator Anperson. You said you were going to tell us what lies in 
the future. 

Mr. Etsenpup. Yes, sir. 

Senator Anperson. In order to make this a little topical, could you 
tell us for example from what you know of it, whether the British 
explosion that they had the other day—and I guess they are going 
to have more later on—how much of this strontium 90 it added which 
might deposit worldwide ? 

We had, finally, a little test yesterday, out in Nevada. Did it de- 
posit strontium 90% In other words, are all of these things coming 
into the curve? 

Many of us have been trying to point out that for a while only we 
were testing, then the Russians began to test, and apparently the 
Russians last year tested more than we did. Now the British are com- 
ing along. Pretty soon, of course, somebody else must come along. 
Do these add to it? And if so, how much. ? 

You are able to measure down to micromicrocuries. What do these 
add up to? 

_Mr. Eisensup. When I have finished, I will have attempted to es- 
timate how much strontium 90 is going to be in man from detonations 
to date. This covers a 6-year period. The only practical thing to 
do is to assume in the next 6 years the nations of the world are going 
to shoot as much as they have in the past 6 years. 

Senator Anprrson. Or tenfold, maybe. 
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Mr. Etsensup. If we have the basic information, if we know what 
has happened up to now, we are in a position then to extrapolate. 
You can double it, or triple it, or stop entirely. 

Senator Anprerson. Here comes a san new test by the British. 
Did it add some strontium 90 ? 

Mr. Etsensup. Yes, sir. 

Senator Anperson. Allright. It did? 

Mr. Ersensup. Yes. 

Senator Anperson. That is good. How much did it add? 

Mr. E1sensup. We do not know. I do not know, sir. 

Senator Anperson. Did you compute it on any basis? 

Mr. Etsensvup. No. sir. 

Senator Anperson. Was anybody curious about it ? 

Mr. Etsensup. Yes, sir. 

Senator Anperson. Did we not have—I do not want to get in the 
wrong field. Do we not have some way of measuring what was in 
it or estimating, let’s say? Probably we had a way of measuring. 
Did we not have some way of finding out what was in it ? 

Mr. Etsensup. If we have not done anything else, we will know 
about it when it comes down from the stratosphere. 

Senator Anprerson. I do not want to wait that long. I may die 
before it comes down. There is no way of estimating it now? 

Mr. Esenpup. Yes. 

Senator Anperson. There is? 

Mr. Etsenpup. Yes. 

Senator Anperson. Is it impossible for you to give that to us? Is 
it secret ? 

Mr. E1sensup. I do not have the information. You asked if it 
were possible to estimate. I said itis. That does not mean I can do it. 

Senator Anperson. That is a completely honest answer. That is 
fine. 

Mr. Etsensup. All right. 

Senator Anperson. How about the values—will we have some from 
the upcoming Plumbbob tests ? 

Mr. Etsensup. Yes, sir; those tests will add to the fallout. 

Senator Anperson. We have a bank account up in the sky send- 
ing down a little all the time, and then we keep adding to it, and 
disintegration is going on. Is anybody actually checking to see that 
the amount landing from previous accumulations and the amount that 
we are putting in now stays in balance with the decay ¢ 

Mr. Etsensup. Yes, sir. We have enough information now, and 
large enough machinery so that now for the first time it is possible 
to predict what the fallout traces is going to be 2 years from now, 
5 years from now. 

Senator Anprrson. I missed some of the previous testimony. Was 
it pointed out there is this difference, this heavy deposit in Wales, 
for example? And will that pattern be repeated around the world? 

Mr. E1sensup. The abnormality of deposits in Wales was not one 
due to the heavy deposits. 

Senator Anperson. What was it due to? 

Mr. Etsensup. Dr. Alexander, who testified yesterday, went on a 
search around the world for an area in which the soil was conspicuously 
low in calcium, yet sufficiently fertile for at least sheep raising; and he 
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found this area in Wales. It is agriculturally a very unimportant 
area, but scientifically a very interesting one. He brought soil and 
bone back, and analyzed it, and the sheep bone had more strontium 90 
than usual because of the low level of soil calcium. 

Senator ANperson. That is what was found out about the human 
body: If there is a calcium deficiency, the greater the affinity for 
strontium; and if a calcium deficiency in soil, the affinity for strontium 
Is greater. 

Mr. E1senzup. I think Dr. Kulp will deny that. 

Senator Anperson. He will? 

Mr. Etsensvp. He is going to testify. 

Senator Anperson. All] right. 

Senator Bricker. Just one more inquiry for the purpose of the rec- 
ord. I think there was testimony here a day or two ago, that the ab- 
normal amount, not the abnormal amount, but the additional amount 
oi strontium deposit in Washington at the time of the rain after the 
drought, was caused by the Russian tests. You would confirm that ? 

Mr. Ersensup. I cannot confirm it, sir. We attempted to confirm it, 
and so far we have failed to do so. But it is a little early. It isa 
matter of a month or 2 months for the data to catch up with it. As 
of now, I cannot confirm it. The little bit of looking at it we have 
done—we do not have the data, but it is not surprising, I do not think, 
that from time to time there will be relatively heavy fallout here. 

Representative Hottrretp. Dr. Eisenbud, I am going to ask you 
another question along the lines of the first ones I asked you. I do 
not want to oversimplify this matter, but first I am going to ask you: 
Do you have children ? 

Mr. Etsensup. Yes, sir. 

Representative Horirretp. Now I am going to ask you if you would 
have any hesitancy at all in allowing your children to drink milk 
which has been produced on this milkshed ? 

Mr. Etsensvp. No, sir. 

Representative Hortrierp. The reason I asked you that is because 
I want a plain understandable answer of your evaluation of the 
hazard that is involved, because when we are talking in tenfold in- 
creases of micromicrocuries, we are talking in a term which the aver- 
age mother does not understand. But I think she could understand 
the fact that you, as a scientist, on your integrity as a scientist, would 
say that you would have no hesitancy in giving milk from this milk- 
shed in any quantities that the child might want to your own children. 

Mr. E1sensup. None at all, sir. 

Representative Price. Mr. Chairman, may I ask a question ? 

Representative Horirietp. Mr. Price. 

Representative Price. Dr. Eisenbud, does cesium 137 also show up 
in milk? 

Mr. Ersensvup. Yes, sir. If I may defer this to Dr. Langham, 
who is going to testify later on this morning, I would like to do so. 

Representative Price. Thank you. 

Mr. Etsensup. Let us use as a basis for discussion the 5 micromicro- 
curies of strontium 90 per gram of calcium, which we predict may be 
the maximum in perhaps 1970 or so. One can calculate that this 
amount of strontium 90 will deliver a dose of half a roentgen to the 
skeleton over a lifetime of 70 years. This compares with a normal 
skeletal irradiation—I want to repeat this for the record, sir: This 
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compares with a normal skeleton irradiation of 7 to 30 rads. So, I 
am comparing half a rad to somewhere between 7 and 30 rads result- 
ing from potassium 40, carbon 14, cosmic rays, terrestrial gamma 
radiation, and radium. They are the natural radioactive constituents 
of our environment, to which man has been exposed throughout his 
development. 

Senator Bricker. That is the background radiation? 

Mr. Etsensup. Yes, sir. That is, the maximum foreseeable value 
of 5 micromicrocuries of strontium 90 per gram is equivalent to 1% 
to 6 percent of the dose from natural sources of skeletal irradiation. 
It should be noted that this estimate includes a number of assumptions 
which are deliberately conservative. No allowance has been made for 
radioactive decay before the strontium 90 descends from the strato- 
sphere. This may diminish the amount of available strontium 90 by 
about 25 percent. The assumption that all of the strontium 90 in milk 
originated by root uptake is another conservative assumption. The 
combined effect of these and other safety factors is apt to be appreci- 
able. 

The question has been raised as to whether a discussion of average 
fallout values is adequate to define the upper limit of hazard to people 
exposed to unusually heavy fallout. In this connection, the deviations 
from average are in the safe direction. ‘This was brought out yester- 
day, independently, by Dr. Machta. Whereas fallout values greater 
than twice the mean are rarely reported in any given region, it is not 
uncommon to observe values which are of the order of 10 percent of 
the average. This forecast has been made on the basis of data from 
Northeastern United States. How applicable are these data to other 
parts of the United States or of the world ? 

Summaries of the concentration of strontium 90 in milk as observed 
in 6 domestic and 2 foreign sources of supply, as well as the data from 
the fallout measuring systems described earlier, indicate that the stron- 
tium 90 content of dietary calcium might be higher in certain areas. 
However, a factor of three applied to the estimates for Northeastern 
United States should be adequate to bracket the highest foreseeable 
value, from tests to date in any region of the world. 

Thank you, Mr. Chairman. 

Representative Hortrretp. Thank you Mr. Eisenbud. 

Are there any further questions of the members ? 

Are there any questions from the staff ¢ 

Chairman Durnam. Mr. Chairman. 

Representative Horirretp. As I have said before, we are reserving 
the right to study the statements that are presented, and then it is pos- 
sible there will be further discussion on it during the hearings, or 
there will be letters addressed to those giving the presentations for 
answers to certain questions which may come up as a result of the 
analysis of the statement. 

Mr. Durham. 

Chairman Duruam. No questions now. 

Senator Bricker. One question, Mr. Chairman. 

Representative Hortrretp. Senator Bricker. 

Senator Bricker. It is your professional opinion, as an expert in 
this field, that we have reached a point of no danger, and you do not 
anticipate any danger point as far as the future is concerned 4 
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Mr. E1rsenrup. What I have described for you is the situation that 
I see on the basis of detonations to date. Now, if I predict 5 micro- 
microcuries per gram, it is very simple arithmetic to say how many 
times you would have to increase the rate of firing in order to get up 
to what we agree is a dangerous level. This would be a very consider- 
able amount, and, at the present rate of testing, I personally am not 
apprehensive as to the long-range hazards. 

Senator Anprrson. You had a curve in there, it seemed to me, 
showing how this amount had increased, and it might again increase. 
If you also had a curve of testings, you would have an additional 
factor to take into consideration. We had a test several years ago 
out in the far Pacific, and then went for a long time without another 
one. Now, the Russians have 1 every 2 weeks, and we are scheduled 
to have maybe 2 a week here for a while. The British have started 
coming in. If you would plot all of these tests onto a curve, it would 
be moving up rapidly, and, with the amount of strontium 90 coming 
down out of the atmosphere also moving up rapidly, the two of them 
might change the figures a little, might they not ? 

You have projected these figures on the present rate of testing, It 
is like predicting the number of saieeablien that would move if 
they all stayed at 10 miles an hour. They did not. They speeded 
them up. They got very much faster. Now the speedup on tests is 
very much faster, is it not ? 

Mr. Etsensup. These calculations are, as you are aware based on 
testing up to late 1956, and there has been nothing in the testing 
schedule of the past year which would drastically alter these con- 
clusions. 

Senator Anperson. Wait a minute, now. I am just wondering 
I think I went out to the very first test in the Nevada proving grounds. 
We did not have too many test devices. Would not the amount of 
strontium 90 have some relationship to the number of devices tested ? 

Mr. Esensup. It has a relationship to the devices tested, and cer- 
tainly the number of devices is part of the overall picture. Yes. 

Senator Anprerson. Yes; very, very substantially, because, if we 
make use of certain types of weapons, the strontium 90 fallout would 
not be proportionate to the power of the weapon at all, It is the 
devices that are somewhat smaller, maybe, that they have in develop- 
ment. So, would it not be important to chart the number of actual 
devices shot off in the plub-bob tests which will have many more than 
some of the earlier tests? 

Mr. Ersennup. I think it goes without saying, sir, that the basic 
purpose of these studies is to point out how many bombs you can 
detonate. 

Senator Anprrson. For the purpose of finding out, you say this 
line is moving up. We now proceed to freeze it at a level. But, with 
new countries coming in, with the multiplicity of our own shots, the 
tremendous multiplicity of the Russians, it is not going to stay level; 
it is going to go up with tremendous speed, apparently, in the future. 
What does that mean, biologically? That is one of the problems you 
have to consider. 

Mr. Exsennup. Yes, sir. 

Senator Anperson. That is all. 

Representative Hoitrrerp. The staff informs me you had two charts, 
one showing the Northern Hemisphere, and the other the Southern 
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Hemisphere, the radioactivity. Had you intended to produce them ? 

Mr. Ersensup. We must be mixed up. I thought I did. This [indi- 

cating] shows for the soil samples and the cummed- film samples the 
latitudinal differences that exist. 

I pointed out that the United States has in fact relatively heavy 
fallout in relation to other regions of the world. While this increase 
in the North Temperate Zone is obvious and has been known to us for 
some time, it is a difference of about, say, a small factor from the 
north Tropics, and very 

Representative Horirieitp. The chart does show that the latitude- 
longitude in which the United States is located is receiving, I would 


say, all the way from as much as five times the south Tropics s to double 
the North Temperate ? 


Mr. Ersensup. Yes. 

Chairman Durnam. Prior to 1945, was the amount of strontium ac- 
tually known at that time? 

Mr. Ersensup. It did not exist, sir. 

Chairman Durnam. It did not exist? 

Mr. E1tsennup. No. 

Representative Honirrecp. Thank you very much, Mr. Eisenbud. 

I will insert in the record at this point a study entitled “Summary 
of Analytical Results from the HASL Strontium Program, July- 
December 1956” by John H. Harley, Edward P. Hardy, Jr., Ira B. 
Whitney, and Merril Eisenbud. 

(The study referred to follows :) 
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SuMMARY OF ANALYTICAL Resu.tts From tHE HASL Strontium Program 
JULY THROUGH DECEMBER, 1956 


By John H. Harley, Edward P. Hardy, Jr., Ira B. Whitney, and Merril Eisenbud 
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This report summarizes the data on samples collected for the HASL strontium 
program during the period—July through December of 1956. Previous data was 
given in NYO-4751 (revised). 

In addition to the analysis of samples collected for the HASL program, the 
Analytical Branch is responsible for the transmittal of samples to contract 
laboratories. These samples are part of the overall strontium program of the 
Division of Biology and Medicine. This activity, including preliminary treat- 
ment of certain samples, calculations and administration require the equivalent 
of one full-time man. Direct analyses and administration require 2 staff mem- 
bers for the gummed film program and § for the strontium program, 
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FALLOUT DOCUMENTATION 
Gummed film network 


Through the cooperation of the United States Weather Bureau and other 
groups, daily gummed film samples are collected at 40 stations within the 
continental United States and 75 stations in United States Territories and in 
other countries. Results through September 1955 have been reported pre- 
viously." The current data carries through September 1956, 

Measurements are made by beta counting of ashed samples. Strontium 90 
estimates are made by theoretical calculations, assuming a date of origin for 
the debris. ‘The results are mapped in figure 1 for the United States, and figure 
2 for the rest of the world. 

In previous reports it was described how a factor of 1.6 was required to cor- 
rect gummed film mixed fission product activity to agree with pot samples col- 
lected as HASL. This correction has been applied to gummed film results issued 
since that time for all stations. 

Several groups of results in this report would indicate that a much larger 
correction factor would be in order, but this is not necessarily true. It is be- 
lieved that the low strontium 90 values calculated from gummed film activity are 
due to the incorrect arbitrary burst assignments used in the calculations. 

The recalculations of the gummed film values will be done, but it will be some 
time before the results are available. Therefore, gummed film data in this 
report, particularly after May 1956, should be considered as minimum estimates, 
and may be low by a considerable factor. 


1M. Eisenbud and J. H. Harley, Radioactive Dust From Nuclear Detonations, Selence 117, 
141-147 (1953). Ibid., Radioactive Fallout in the United States, Science 121, 677-680 
(1955). Ibid., Radioactive Fallout Through September 1955, Science 124, 251-255 (1956). 
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ESTIMATE OF STRONTIUM 90 FALLOUT THROUGH SEPTEMBER 1956 
MILLICURIES PER SQUARE MILE 





United States soil program 


The advantages and disadvantages of gummed film for fallout measurement 
have been discussed many times previously. One possible calibration is the 
comparison of Cumulative gummed film results with analyses of soils taken at 
identical locations. The first such collection was undertaken at 17 Weather 
3urean stations in October 1955 and was repeated in October 1956. In both cases, 
0-2 inch and 2-6 inch depths were taken, and strontium 90 leached with 6N HCl. 

The 0-2 inch depths for the 1955 samples were reported in NYO-47512 The 2-6 
inch depths gave the analysts considerable difficulty due to interference from 
thorium chain isotopes and they were not reported. A procedure has been 
worked out for these soils and those having residual sample available will be re- 
analyzed. 

The data for the 1956 samples is shown in table 1 and a plot of soil activity 
against the values estimated from the gummed film is shown in figure 3. As 
in the 1955 data, Albuquerque, Grand Junction, and Salt Lake City show iower 
soil values than predicted. The mean ratio of soil/fi'm is 2.33 for the 14 “normal” 
samples. (Gummed film values already multiplied by 1.6 correction factor. ) 

If the 1955 samples are corrected to total me./mi.2 using the 1956 ratio for 
total to topsoil activity, the mean ratio becomes 2.4. The value of 1.6 reported 
in NYO-4751 was for the 0-2 inch depths only. 


? Harley, Hardy, Welford, Whitney, and Eisenbud, Summary of Analytical Results From 
the HASL Strontium Program to June 1956, NYO-4751 (1956), Technical Information 
Service Extension, Oak Ridge, Tenn. 
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TABLE 1.—Strontium 99 data for 1956 continental United States survey soils— 


Strontium 90 extracted with 6N HOI at room temperature, sampled week of 
Oot. 8, 1956 


[Replicates represent individual soil aliquots taken after sampling] 
































me/mi? 
Sampling site Due d/m/gm soil* me/mi? 
(inches) 
Average | Total 
2, Aiequerae: IY. DERE accnsdccscasstacececs 0-2 0. 078+0. 001 7,540.1 Wee iidomeas 
0. 075+0. 001 Veh Uveinaisiarettat a secdbcece a 
2-1014} 0. 0080. 002 4.4+0.9 3.4 10.7 
0. 005+0. 002 2.4+0.8 |....- saa bine aes etediedt 
0-2 0.10 +0. 004 1 +0.4 Be eee 
0.10 +0. 004 WD 56 a oe 
0 es Co isan 8G cee ueicn nes 0-2 0.35 +0. 007 14 +0.3 ee) Caos 
0.42 +0. 009 Me 668 La ea ea 
2-6 0. 018-0. 004 2. 8-40. 6 3 18.0 
0. 021+0. 003 EO Lanculcéeed teuenddve 
S; Pineneenien, N. Ws sk oecocaswocsesabsbaaees 0-2 0.32 +0. 007 7 +0.4 a Beene 
0.35 +0. 007 1 oe 
2-6 0.019-+-0. 003 4.4+0.8 5 23.0 
0. 024+0. 005 0 Gaee Fe sho. 
4. Deine: TE oasis ccinnbeadividncceceanien 0-2 0.23 +0. 006 20° +0.6 am Resshaans 
0.26 +0. 006 Se SED Pe eae Baas 
2-6 0. 0120. 002 3.10.6 3.5 25.5 
0. 0154-0, 002 SOGG GN ect orb ss as 
BS. Than: FRO POG xcnuccnesconnstteamonten 0-2 0.31 +0. 007 23 «+0.5 2 See 
0.31 +0. 007 A ie Be 
2-6 0. 028+-0. 002 7,640.7 7.1 30.1 
0. 024-0. 003 GORE TF too os 
6; Tinta WIR 5 osetia nts daaiee 0-2 0. 26 0. 006 20 +0.5 ie tee 
0.27 +0. 006 20 +0.5 |_...-- See 
2-6 0. 038-0. 003 7. 340.5 7.8 27.8 
0. 044-0. 003 6. 440.6 | ..<s:--<- Tei 
7, Geni TT: Ce vs ad Sacttcacseccdain 0-2 0.10 +0. 001 7,840.1 TY pki 
0. 091-40. 001 PAG TS 2 ee 
0.11 40.019 TH BE 6 0 
0. O70-+0. 013 Th eR bento 5 ee 
2-1014 <0). 002 <0. 45 <.48 7.5 
| <0. 02 <0. 51 aie ecg nk 
eg Ry SER ee ee ere a 0-2 tO. 11 +0. 009 37. 340.6 een Wadubaace 
264 0. 013-0. 004 2.7+0.9 3.4 10.7 
0. 020-E0, 005 OR Oo oe 
©. Riek Ri: CRE bb ckcicndessnsccecpeccsuce 0-2 0.12 +0. 008 6.9+0. 5 Wt Rasa ais 
0.14 +0. 009 O O40 6h ge. 
| 27 | 0.0090. 002 3. 3-40. 9 2.8 10.3 
0. 060. 002 RD a on SE oe 
10. Memphis, Tenn. .............- sb meee | 0-2 0.27 +0. 006 5 +0.4 By hy Meteora: 
0.26 +0. 006 0 A 
2-6 0. 028-6. 003 6. 540.7 6.6 21.6 
0. 029-+-0. 003 WOON Ft oak) Saccacas 
Hi. New Ores, Babsc ck dee ccscccex a 0-2 0.24 +0. 006 8. 8+0.2 3 il Sees 
0.22 +0. 006 ee OB se Peak cade 
2-6 0. 009-0. 002 3.340 9 8 11.4 
0. 006-0. 002 I Seasick bce ceniie 
GE: INOW WO Fy Swe cccsiccxcccccdntcnateoues 0-2 0.21 +0. 006 1 +0.3 We” Naapucadt 
0.29 +0. 007 1 SCS a te 
2-6 0. 0724-0. 004 14 +0.8 14 26.0 
0. 068-40. 004 BC Re eB 
13: Philadelphia, Pa.............- do th licen gtd 0-2 0.17 +0, 005 12 +0.4 MY .  Wokéenmean 
0.16 +0.005 a ee tn a 
2-6 0. 029-40. 003 7.3+0.8 6.8 18.8 
0. 026-40. 003 1 kk 
Ty. ADEE City, GB, ei. «san ces Sacaccecceoees 0-2 0.29 +9. 006 20 +0.4 22 
0.34 +0. 006 2 +0.4 }.... ane 
2-4 0. 0538-0. 004 12 +1.0 ll 33.0 
0. 045+0. 003 OR GS Be ote a 
15. Rochester, N. Y.....-.-. sisi caesieaictaiciiiaiasaiiadas 0-2 $0. 22 +0. 006 $16 +0.4 16 ia 
2-6 0. 013-0. 002 2. 540.4 2.5 18.5 
0. 013-0, 002 SOG OR tae e 
16; : Salt: Lake City; Dies. cccacitsaniacemns 0-2 0. 32 +0. 007 22 +0.5 | 22 oc ciee lias 
0.33 +0. 007 Se Eh he aceaesateienaan 
0.31 +0. 007 Be BOG 4 etka eS eS 
2-8 0. 016-0, 002 5. 740.7 5.8 27.8 
0. 016-0. 002 RO te 
Ey. SOREOE, We Oiikcwle dkinadcsaceeucumipnsauenaen 0-2 0.46 +0. 011 7 +0.4 ee Bee 
0.44 +0. 010 £6 62 
24 0. 051-0. 007 9.4+1.2 9.5 26.5 
0. 052-0. 004 OGRE? Incadcncsattacdiasnce 
*Air dried. {Sample lost. 
+Alternative procedure used. §Not reported. 


Norte.—Each error term represents 1 standard deviation due to counting error. 
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Further investigations are in progress on the reasons for the deviations shown 


by the three stations mentioned above. In addition, analysis of foreign soils will 
be made where available to extend the comparison. 


Other comparison programs 


Other sampling procedures for fallout documentation are by collection in a 
high-walled pot, or by collection of rainfall. These procedures may also be used 
for calibration of the gummed film. The first is represented by data from New 
York City by HASL, and the second by data from Pittsburgh by Nuclear Science 
& Engineering Corp. under AEC contracts. The detailed data will be presented 
later, but table 2 indicates the cumulative results useful for calibration purposes. 
For comparison, the New York City (La Guardia Airport) soil and gummed film 
data are included. 

The pot and rainfall samples show that the 1.6 correction factor is not suffi- 
cient for this period. It must be emphasized, however, that this is not neces- 
sarily a failure of the original pot to film calibration figure of 1.6. It is more 
likely a failure to attribute measured MFP activity correctly to earlier tests, 
with a corresponding error in strontium—-90 estimation. 
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TABLE 2.—Gummed film comparisons (cumulative mc/mi’) 





| October 1955 | October 1956 | A | Ratio 


LaGuardia: 
a a ae aa 13. 
2 


“itt ON ee ea 


Pittsburgh: 
MAE s nnn cedeanendindddesbideobaupaldceduints 
Gummed film 


Note.—Gummed film values not corrected for efficiency 


New Haven dustfall 


The bureau of environmental sanitation of the New Haven Department of 
Health collects monthly dustfall samples at several stations in and around the 
city. The collectors are standard 1,500 ml. beakers, and duplicate samples are 
analyzed for dust content, one by evaporation of any rainfall and the other by 
filtration. The samples supplied to HASL were measured for total MFP ac- 
tivity and Sr—90, and the results are shown in table 3. 

While the data are not as complete as desired, there are several interesting 
points: 

1. Filtration or evaporation are equally effective for dustfall by weight. 
2. Filtration loses both MFP and Sr—90 by solubility. 
3. The agreement in activity values between stations is fairly good, and is 
independent of the dustfall. 

A comparison of the mean Sr-90 values from the evaporated samples and the 
corresponding gummed film estimates (New Haven Airport) is shown in table 4. 
It appears that the gummed film activity should have been attributed to an 
early test series, rather than current tests, to give better agreement. 
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TABLE 3.—New Haven dustfall experiment 
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March 


Sampling station 
Activity, total B* 
me/mi? 


Airport No. 1: | 


IR oo tememereine 

Filtration_.... 11. 1140. 85(1) 
Airport No. 2: 

Evaporation--_|......_- i oat 

Filtration... .- 10. 260. 85(1) 
St. Rose’s 

Convent: 

SURINN Ne ino eakedcws 

Filtration_-..- 14. 53-0. 94(1) 
Hall of records: 

DN iiccceos nancacoscee< 

Filtration __-__- 15. 38+-0. 94(1) 


Edward Malley 
Co., Bldg.: 
SIO rpecitnintiaoesmane 
Filtration_-__-- 16. 24+0. 94 (2) 
Brady Memorial 
Laboratory: 
TEU RCOII Ss ol cccctenncccncnscsse 
Filtration... 12. 82-0. 85(2) 
New Haven 
Hospital: 
EE lc esctcaceeanddennen 
Filtration__... 11. 960. 85(2) 
Grace-N. H. 
Memorial Bldg. 
BOONE hans tewnscaneknenns< 
PR enck el sn acecanasnuacmeange 
Grace-N. H. 
Memorial 
Bldg.: 
et REESE 
Filtration 








Sr © me/mi?} Gms. 
dust 





0. 20-40. 05 | 0. 035 


~ 0.09:40.08 | 0.025 














———————SS 


Sampling station 
Activity, total B* 
me/mi 2 


Activity, total B* 





April 


me/mi 2 


55. 5541. 37(1) 
26.4941. 11(1) 





48. 711. 54(1) 
29. 05-1. 19(1) 


70. 93-1. 54(1) 
Lost 


63. 24-1. 62(1) 
25. 641. 03(2) 


68. 3741. 71(1) 
27. 3541. 03(2) 





6.0 +0. 37 | 





Sr ® me/m!i?}| Gms, 
dust 





Sr © me/mi?} Gms. 
dust 











Airport No. 1: 
Evaporation__ 
Filtration __._- 

Airport No. 2: 
DUROOIIINEL oh ic cacdcdsccmecacaees 
Pano ocudednnecaaseasnn 

St. Rose’s 

Convent: 
Evaporation__ 
Filtration__..- 

Hall of records: 
VODOERIION.. fo se5 soe e recs 
Filtration____- 23. 92+1. 11(1) 

Edward Malley 

Co., Bldg.: 
PEMUEEN he cece dadeecsscasace 
Filtration_____ 17. 09-0. 85(1) 
Brady Memorial 
Laboratory: 
Evaporation 


40. 171. 28(1) 
17. 9540. 94(1) 


43, 58+1. 37(1) 
15. 38-40. 85( 


0. 49-+0. 31 0. 072 
0. 3840.09 | 0.046 


Activity, total 6* 





me/mi 2 


25. 644-1. 28(2) 
12. 820. 85(2) 


0. 7040. 32 | 0.128 
0.18+0.07 | 0.112 


31. 6241. 19(2) 
19. 661. 03(2) 


26. 49-1. 11(2) 
16. 24-1. 03(2) 


30. 76-1. 20(2) | 


16. 240. 85(2) 


eZ 


r® me/mi? 


0. 5340. 06 


0. 3440.06 | 


0. 664-0. 08 
0. 53-40. 06 


69-40. 09 | 


0 
0. 500. 12 


0. 600. 06 
0. 4230.05 | 








Gms, 
dust 


0. O54 
0. 046 


0. 096 





PEN tad wndnncineeskoluatuaneceuenek 


New Haven 
Hospital: 
Evaporation.-_].....-- 
Filtration... 
Grace-N. H. 
Memorial 
Bldg.: 
Evaporation.-|-.....- 
Filtration. .... 
Grace-N. H. 
Memorial 
Bldg.: 





17. 09-£0.94(1) | 0.71£0.06 | 0.059 |- 


15. 38-40.94(1) | 0.3940.07 | 0.068 


ERIE El ccvcieniee wnsininscd cette mm | cignieebineniensagienestel Miguel 


RN ch nndiwesecdonnnene 


26. 49-+-1. 20(2) 
17. 09-40. 94 (2) 


24. 78-0. 94(2) 
15. 380. 94 (2) 





0. 36-40. 06 
0. 490. 08 


0. 5440. 11 
0. 370. 08 


RADIOACTIVE FALLOUT AND ITS EFFECTS ON MAN 599 


TABLE 3.—New Haven dustfall exrperiment—Continued 








July | August 





Sampling station | 


Activity, total 8* | Sr ® me/mi?2 
me/mi ? 


Gms, | Activity, total 8* | Sr © me/mi?| Gms, 
dust mc/mi ? dust 





Airport No. 1: 
Evaporation_- 
Filtration. __.- 

Airport No. 2: 
Evaporation-- 
Filtration. -..- 

St. Rose’s 

Convent: 








Lost | 0. 51+0.07 |--..--.. 
7, 610. 72(4) 50.10 | 0.015 






TORI Ra aac ae taka aes awiace ¢ Lost 0. 5740. 07 |..-...-- 

Filtration... 30. 7741. 20(3) | 0.17+0.06 | 0.095 8. 38-40. 77 (4) 0. 1740. 06 0. 122 
Hall of records: | 

Evaporation._|....-- nue bacotadeidaccnaee ae pain wa atniel easel ieee coated eiaieiaeia damiiees 

Filtration... -- 32. 4741. 20(3) 0. 2640.1 0. OSO 9. 40-0. 77 (4) 0. 18-40. 10 0.075 


Edward Malley 
Co., Bldg.: 
Evaporation. pn iis Radin ieee spied a ialaiabeinedions Siucadenst 
Filtration 22. 22+1.03 (3); 0.150.06 | 0.067 6. 9240. 73(4) | 
Brady Memorial 
Evaporation... 
PSI GEIONN,. ck: sis benim cciab da iceatinins tintedciaiaiadand tema 
New Haven | 








Hospital: 
Evaporation 
Filtration__.-- Bac jslalitc buna teiteaep in orien | 

Grace-N. H, | 


Memorial 
Bldg.: 
Evaporation-_!_...- 
Filtration...-.| 
Grace-N. H. | 








. SILO. 07 | 
.40+0.10 | 0.034 


oo 


26. 49-41. 03(3) | 0. 25-£0.05 | 0.069 8. 38-40. 68 (4) 


Memorial 

Bldg.: 
Evaporation _- 
Filtration__..- 








ar 


87. 0-1. 37(3) | - 220.06 | 0. 046 | 6. 2440.64(4) | 0.1940.06 | 0.053 


*See counting date references, 
References and counting date, 
(1) July 17, 1956, 
(2) July 24, 1956, 
(3) Aug. 24, 1956, 
(4) Nov. 7, 1956. 


Tasie 4.—New Haven dustfall experiment 


| Sr-90 activity in me/mi? 








lonth 
Mean dust- 
fall 


Gummed 
film 











RINE 6c 8 oe 5 secant nasala Peak en akocuacudaa a eae | 53 02 


1 Memorial building sample omitted. 


NotTe.—Gummed-film values have not been corrected for efficiency. 


Current pot program 


The uncertainty as to the source of current fallout requires more extensive 
calibration than in the past. The simplicity of gumed film for daily network 
operation makes it necessary that it be retained for routine sampling. The 
possible errors in attributing activity to a given source is expected to be over- 
come by a broader network of pot-sampling stations. The operating and pro- 
jected stations is the HASL program are shown in figure 4. These samples will 
be collected monthly and analyzed for MFP and Sr-90 and probably for Cs-137. 

Cooperative tests will start in April 1957 on a fallout collector designed by Dr. 
Bo Aler, or Sweden. Fallout collects in a plastic funnel and is passed through a 
filter and ion-exchange column to collect the activity. Such a collector would 
be simple to maintain and to ship to a central laboratory for processing. 
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Summary 


The sets of data on fallout from the United States soils, the New Haven dust- 
fall, and the pot and rainfall from New York City and Pittsburgh all indicate 
that the current gummed-film estimates of Sr-90 deposition are in error. This 
is particularly true for activity attributed to tests in the summer of 1956. The 
actual Sr-90 measurements show the debris to be much older, and the gummed 
film data must be recalculated on this basis. 

It was not possible to recalculate the mass of data involved for this report, 
but this will be done. In the meantime, the gummed-film estimates of Sr-90 
must be considered as minimum values, subject to correction. 

Futher samples and analyses on pot and soil samples are required before con- 
clusions can be drawn as to the extent and uniformity of fallout outside the 
United States. Such work is in progress and will be reported when the results 
are completed. 

PASTURE PROGRAM 


Not all of the 1956 samples for the HASL pasture program have been received, 
and no Sr-90 data will be reported until all analyses are complete. 

There have been several improvements in analytical techniques since the 1953 
and 1954 pasture samples were run originally. Therefore, all samples still avail- 
able will be reanalyzed in the coming months. When complete, the 4 years data 
wili be reported as a unit. 

One approach to estimating the eventual equilibrium state of Sr-90 in the 
biological cycle is through measurement of stable strontium and calcium. Some 
of the original pasture samples have been run for stable strontium and are re- 
ported in preliminary form in table 5. No attempt at interpretation will be made 
until further analyses are completed. (See also section on milk analyses.) 


Table 5.—Normal strontium, pasture samples (atoms Sr/1000 atoms Ca) 


Tifton | Ithaca 


| 
1953 soil: | 







Avail. Ca_. 69 5.6 

Total Ca_. 1.9 .8 
1955 plant... .73 as 
NE NG esse tichincrerinsientntienintge eed oomicnaerndidicioiatedasaadaibeadndhe ated Rats 21 . 22 
BGS OND occ ncncavccunabcsbanckoccenbedsuneet senesced - 26 


NEW YORK CITY MONITORING PROGRAM 
Pot sampling 


A high-walled stainless steel pot is maintained on the roof of HASL for fallout 
sampling. The results of weekly collections are given in table 6 and the cumula- 
tive curve is shown in figure 5. 

It was found that agreement between duplicate pots is not good. This is mostly 
caused by the low activity levels. Such deviations are expected to be reduced 
by exposure for 1-month periods and by counting on lower background equip- 
ment. The latter is shown partially by the data after September 24, 1956, but 
further improvement will be possible as more counting equipment will allow 
longer counting times. 

Tapwater 


New York City tapwater has been analyzed since August 1954. The results 
obtained since issuance of NYO-4751 are given in table 7. The weighted average 
value for the 6-month period is 0.19 uc/liter, 


93299°—57—pt. 139 
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TABLE 6.—Pot and gummed film results from HASL 





Date 





Feb. 20, 1956.........- 
Feb. 27, 1956.........- 
Mar, 5, 1956_. 
M 







BAO. onsccccd 
* 16, 1956....------ 
Rae AOR 


May 14, 1956. .....--- 
May 21, 1056......-.- 
May 28, 1956.....---- 
June 4, 1956_.......... 
June 11, 1956_.--...--- 
June 16,1906... 6.2. 
June 25, 1956.......--- 


Pot me/mf? | Film me/mi* 


ell 


01 | 





Date 





SUNT SB scien 
July 9, 1956_.... cman 
July 16, 1956.......... 
July 23, 1956.........- 
July 30, 1956.......... 
MME) Cy TOGE cccccnnas 
Aug. 13, 1956... 
Aug. 20, 1956... 





Sept. 17, 1956 


Det; B WBS. ccccansics 
OE. BO) Sec ccncenes 
Oct. 32, 1906.......04.- 
Oct. 20, 1956.........- 
Ce ee. 
im: re 
oe 
Nov. 26, 1956. .......- 
es i 
Dec. 10, 1956.........- 


| £00, 10, WOO oi acbame 


Dec. 26, 1956.........- 


Pot me/mi? 








Film me/mi! 
0. 08 
-05 


04 


03 





Note.—Gummed film results are not corrected for efficiency, 


Sr-90 (me/mi”) 





I'icure 5.—Cumulative Sr-90 from pot collections at HASL, 
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TABLE 7.—New York City tapwater 














Total activity 
HASL No. Sampling period Sr-90, d/m/l 
ce-date d/m/l 
SS cnccsdsadneesessdnciedsn June 27 to July 17, 1956_....- Aug. 30, 1956 4.1+0.2 0. 50-0. 08 
Aug. 27 to Sept. 12, 1956..... Sept. 19, 1956 3.9+0. 2 0. 280. 06 
Gene, 20 a a a a ees 2. 640.3 0. 03-40. 02 
Sept. 22 to Oct. 5, 1956.....- Oct. 19, 1956 8.4+0.3 0. 57+0. 03 
Ost: 81, ee | E yee eael 7. 540.3 0. 44-0. 03 
Cab. 16 te Se Fie decnncccacEcea Mi Bbeensens 4.2+0.2 Lost 
Oct. 30 to Nov. 13, 1956...._- | Nov. 19, 1956 5. 040.3 0. 56-40. 04 
Nov. 14 to 27, 1956._........- Nov. 30, 1956 5,440.2 0. 49-40. 03 





Milk 


The results of milk analyses performed since the issuance of NYO-4751 are 
given in table 8 and the continuous curve for dried milk is shown in figure 6. 

The level increased during the summer of 1956 and has maintained its level 
after the normal pasture season. This probably indicates that the cows are 
feeding on vegetation exposed during the summer and will stay at the same level 
until the next pasture season. 

In NYO-4751, some concern was shown that wet milk purchased in New York 
City showed higher levels than the dried milk being analyzed. This is apparently 
due to the difference in source area of the two supplies. As a check, however, 
Dr. Alexander obtained wet milk, dried milk, and the washings from the drier 
during a run at Columbus, Wis. These samples are being analyzed to check pos- 
sible loss of strontium 90 during processing and to test uniformity of run. 

Vet milk samples were not run during this reporting period, but a more 
extensive sampling program for the city supply was started at the first of 1957. 

Some of the dried milk samples have been analyzed for stable strontium. The 
preliminary data are given in table 9. 

Tests have shown that dry ashing of milk results in loss of cesium 137, even at 
low temperatures. No cesium 137 results on milk will be reported until im- 
proved techniques are available. 


Table 8.—Dried milk samples 











Ca | 
HASL No. Analyzed; Sample date per- 8. U. Sr-89/Sr-90 Sr-89 
by— cent e-date 
| ash 
HASL | June 1956_....- 14.01 3.0+0.7 1.0] Oct. 3, 1956 
HASL | July 1956......| 16.93 | 2.7+0.7 5 Do. 
HASL | August 1956...] 18.51 3.10.7 7 Do 
HASL Sept. 3, 1956. ..]........ 5.1+0.7 11.0 Do 
HASL | Sept. 13, 1956_. 5. 540. 5 8.5 | Nov. 13, 1956 
HASL | Sept. 17, 1956... 4,140.7 11.0 Do 
HASL | Sept. 24, 1956. 4.8+0.5 12.0 Do 
(1) Oct. 4, 1956_... : 8 ee 
(1) Oct. 11, 1956...| 15.6 Oo!) | eae 
(1) Oct. 18, 1956... 187 | 5.68+0.11 |.............-. 





(D Oct. 26, 1956.__| 20.0 5. 520. 08 
(N) November 1955} 16.0 5.6+0.3 





Source: Perry, N. Y. 








. 
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Faure 6.—Monthly analyses of dried milk from Perry, N. Y. 
TABLE 9.—Normal Sr in milk 
Per- | Per- Pere 
HASL Location Process cent = Percent Sr Percent Sr Atoms St 
7 — - ag o Percent Ca Atoms Ca 
3558 a City, | March 1956_.|...... 15.1 | 0.0043=-0. 0003 0. 28 0.13 
wet. 
3719 |----- Obi nscccnmbar May 1956. ._}......| 15.1 0046+ 0002 230 214 
3720 | Perry, N. Y-..... June 195f_...| 6.9 | 17.2 - 0034+ , 0002 220 2092 
3832 |..... ia castteas July 30,1956.| 5.4 | 16.9 0045+ .0006 eat 212 
3833 |....- do...........| August.1956_| 5.7 | 18.0 0057+ .0006 od2 14 
4352 |--..- COs acodeinie Aug. 28, 4.9 17.0 0058+ . 0005 234 16 
1956. 
4698 |..... i ipiciai entails November 5.9 | 16.0 0059+ .0006 37 017 
1956. 
3778 | Columbus, Wis.-| May 1956..-| 5.8 | 16.0 00334 .0002 o21 097 
3800 |...-- Wl edanace July 1956....| 5.9 | 17.6 0024+ 0001 14 064 
776 | Mandan, N. Dak | June 1956._-| 11.7 9.28 | 0039+ .0008 42 19 
4057 — College, July 1956....} 8.1 | 17.5 20077 .0006 44 20 
iss, 
3736 | Portland, Oreg...| May 1956...| 8.2 | 16.4 0053+ .0010 232 15 
fog = ee ease June 1956..-} 7.5 | 19.0 0057+ .0010 30 14 
4293 | Hikurangi, New |.............- 7.9 | 13.5 00354 .0002 226 212 


Zealand, 
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Urine 


Urine samples from laboratory personnel and others in the city have been run 
at intervals. The values found for Sr-90 and Cs-137 are given in table 10. The 
period of sampling is too short to indicate any trend. 


TABLE 10.—Urine analyses 


NEW YORK NAVAL SHIPYARD EMPLOYEES 




















Total Sr-90 Cs-137 
HASL No. volume, S-date d/m/l d/m/l 
liters 
OG os posite btn decane pamicaiseeaincemiiaed 4 | Aug. 10, 1956 EPR Te Rtecsenaiatsienton 
Side sadecodsdnctuaussspseebonsnibaeunnnad O Tesiias circa 1, 10. 28 21+1.5 
acai ceili ahaa elle kati eaaniindcomicmaes (| Ciicnssiinien <0. 24 saipubtthsininaigg beetle 
Pb cdkcidnbinthhindeaasindase dae a Ricicaes eS i, SAE Be dnknenheuedtens 
TE Rii:aniintihne neha inenbiedaenacmuiswtietieiind i Reid iGsotnne 2. 340. 32 2541.6 
i iinatniiindinidenpdbdinmnceiaskdidipuicimaiin OS anke Cie senen 1. 140. 30 16+1.7 
SE Gb dnibGheensinedeEniiy te ntadidl i ee a <0. 20 eneniieiiepineathen eens 
NN ccdcssdrita diners inka ianonrsic 6 pieaagallioel sate 3 Ce Rivcenencceeeaanne 30+2.0 
WE iindtinngnind teri higptpetibtnitiinen ce play aelramniania 2 (4) 5, REE cewssnetesteene 
i ttiacheed checdiedcbobssasecudhink athedee 4) Aug. 17, 1956 0. 95-0. 28 241.6 
SE ickdcclintbesaaabithininne ataiadmiigeinain @heéa | es 0. 820. 25 26+1.9 
Sess cinktectitnissbsipihsted diniate hte teccncciaenaca iinet ices eS 0. 920. 28 2141.5 
HASL EMPLOYEES 

Type of sample Total volume, S-date Sr-90 

liters d/m/l 
S | Fae 1B cocci ccccannce 1,440. 2 
O-435-5 nic vcnnciaeane 1.940, 2 
2425 b. isiiinasontnncanuen 1.0+0. 2 
5 | September 1956. 0. 60. 2 
Sine 1.040. 2 
ee 1.30. 2 





1 Lost. 


OTHER MONITORING 
Milk supplies 

Dried milk from several sources in the United States and abroad has been 
analyzed. A complete summary of the data is given in table 11. 

The high value for Mandan led to analysis of soil and animal bone for this 
region. The bone ran 24 pyue/g. Ca and the soil 6.4 wye/g. Ca with 10 me/mi.* 
Neither the fallout nor the activity relative to calcium is high for the soil, yet 
the bone value is what might be expected from the high level in the milk. The 
milk samples from other sites are reasonably close to the level found for New 
York. 

Fish samples 


Canned tuna of known origin plun canned Alaska salmon and bonito are 
analyzed on a regular basis. ‘The results of all analyses to date are given in 
table 12. There are no apparent trends. 

Pittsburgh rain collection 


Rainfall has been collected since February 25, 1955, at Pittsburgh. The col- 
lections are made by Nuclear Science and Engineering Corp. with a pair of 
tubs having a total area of 5.16 square feet. The collection periods are of ir- 
regular length and the analyses are performed at NSE. The cumulative data 
are shown in Figure 7. 

The accumulation of Sr-90 at Pittsburgh is in reasonable ugreement with 
the results obtained at HASL. At the end of 1956, Pittsburgh showed 17 mc/mi.’, 
while HASL showed 18 for the same period. 
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TABLE 11.—Dried milk analysis 
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Sr-90, we/g.Ca 





September ppeetbEennnsess 
CGE cenitiksciicccccans|sacccnsstslsisedeend nuaeene 





Locations: 


1. State College, Miss, 
2. St. Louis, Mo. 

3. Columbus, Wis. 

4. Mandan, N. Dak. 


5. Portland, Oreg. 
. Japan. 
7. United Kingdom, 


TABLE 12.—Sr™ in canned fish 








8r-90, 
d/m/kg.-wet ! 
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PEPPEPS Sr PPLE >} 


@ pp Sop eee 
noe-! 
PEER Ree 
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HA si | Type Date received 

No. at HASL 
3636 May 26, 1956 
3739 June 18, 1956 
3760 July 3, 1956 
3762 July 65,1956 
3832 Aug. 6, 1956 
4146 Sept. 4, 1956 
4297 Oct. 3, 1956 
4790 |__-- Nov. 19, 1956 
3637 May 26, 1956 
I Bice MODs inicttichenttinaieedibinathcre Use wis blesses a tinaindedag th atin tesieiapmiaaad a piesa hn a 
3660 June 2,1956 
3761 July 3, 1956 
3824 Aug. 6,1956 
4147 Sept. 4, 1956 
4298 Oct. 3,1956 
4791 Nov. 19, 1956 
3606 Apr. 20, 1956 

pec. 
ONG Base oka cnnccunonsadan Region of Marquesas Islands_........-}-.--- scot 
— PO Lo ccccdssandscsadusatiacene ect 2-5.¢ 
bi diecemia saeeaapiaae NA acs ake ae cca ahaa crea eee sabre ails June "a 1956 
Gaught off Cape San Lucas-.........-. 

Lower California, eastern Pacific_..... “Aug. a 1956 
WRONG PG crt ccencccnactocacd Wee ec 
Cocos Island, Costa Rica, Nicaragua..| Sept. 7, 1956 
Wem TB ein dt nndncnetncune i ciaceas 
ee eee Nov. oa 1956 
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1 Wet refers to weight as received, 
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Ficure 7.—Cumulative Sr—90 from rainfall collections at Pittsburgh. 


BEAN EXPERIMENT 


During the summer of 1956, three plants, snap beans, lima beans, and black- 
eyed peas were grown at the Beltsville Laboratory of the United States Depart- 
ment of Agriculture. The leaf, stalk, pod, and fruit of each were analyzed 
separately and the snap bean and biack-eyed pea samples were run in duplicate. 
The results on the plants are given in table 13, while the soil analysis is shown 
in table 14. 

Normalizing the data to stalk=1, the mean strontium unit values for leaf, 
fruit, and pod become 0.85, 0.52, and 0.54, respectively. The mean Sr-89/Sr-90 
ratios are 1.9, 0.2, 0.7, and 1.4 for the leaf, fruit, stalk, and pod. While such 
averaging may not be completely justified, it would lead to the following con- 
clusions: 

1. The high stalk activity may indicate uptake that is partially blocked 
from the rest of the plant. 

2. The leaves show higher strontium unit values than the pod and fruit, 
indicating some leaf retention. 

3. The Sr-89 values indicate that the leaf and pod activity is younger 
than the fruit activity. 

It is also of interest to note that the Sr-89 values indicate that some of the 
topsoil activity is younger than the bottom fraction. 
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TABLE 13.—Radiostrontium and calcium in selected tissues of bean and black- 
eyed pea plants 














con Per- a Aver- 

Plant Section ash of | cent per- D/m/gash | Srunits| age | Sr-89/Sr-90 
dry Cain | cent Sr-90 8U ratio 
weight | ash = 

Snap bean: 

= half bag 1... Leaf....... mo Fol 0 Bons fees a: ee 
Bean...... 4211 ral} 24] Tex 26 loxosee |p 58 ty 
Stalk... 1.0} ixol} MOU deo a 26 lnoaia yy &@ RLF 
Pod.....- 22 golf 86H ino x :6 lorossa |} 5 14 
2d half bag 2... Leaf.......| 520 { es } 4.0 | oe as beacas \ 48 7 
Bean...... 85} islt “7 i242 loose |} 8% ia 
cink...| molt RO) wo Bee-¢ festa w it “B 
roi. molt £8 no agect eeen os | CR 
Lima bean... teat mol BEN asolf HEE RROELED gg [fc 
pan} a2{{ Fa} asf gece hemes a 
su eolf HSU) aso Boece iRteteh @ | a 
ae Pod...---- ort gil} 29 Lesa l37 | g0a28 |} 88 |-—-----n 

ack-eye pea: 
eS cscs Teta: 16.0 2.0 23.0 ae 8 a |{ pe 
Bean...... 41) olf b9 soa 195] 27489 24 |----200----- 
ili ss] | so| 06 33 atl n | s 
7.9 | 6.0 + .33| 3541.8 "70 
| 7.7 6.9 + 35] 41423 82 
Pod....... “ moll 82 23235] gavel) 2 ot 
Bag 28........-. Leaf.......] 17.0 i a0 i} zoo H ico 28 aa CE 
neon | ast 28) aol spe-p| MERS|) ae[ 
com | eof yeti} aalt Shae | Meer) ool 1 
| Pod......- 68 T5lt ™3\ 2o2:31| mans\t 28 





of Oct. 15, 1956. 
of Jan. 21, 1957. 
s of Jan. 24, 1957, 
s of Jan. 23, 1957, 
s of Jan. 22, 1957. 


ana 


1A 
3A 
aA 
4A 
SA 


TABLE 14.—Radiostrontium and calcium in soil from the bean and pea plant 


plots 
Depth Gms. Ca/_ | Sr-90 D/m/gm. 8U Sr-90 me./ | Sr-89/Sr-90 | Sr-89 c-date 
gm. soil soil mi.3 

0-2 inches_.....-. 89 x 10% 0. 080-+0. 004 410+2.0 Ce sbi oso ube cateddwcedcene 
62x 107% 0834 .005 61023. 7 SUM GE \eitedndetnetvellibbcdeabuswad 
80 x 10% 077+ .004 44042.3 DA ae ae ee ee 
scaieaasiaiaie aaeeatea SOLE (OO lesteciqnnscune 5.34 .4 3.0 Dee. 27, 1956 

bt waewciceece JOC 5008 Tan crdiccencas 6.84 .6 2.3 Do. 
6 TO iil ccpccmereen o0403- .003 }............4: 10 +.6 .33 | Jan, 18, 1957 
Ss ace made SOs 1008 finance ccncect 10 + .6 eae lcnebupesnesoies 
ip aipleccdihlbae te detesiabin 6OBi ts 1008 Focccccccccases 0G Se Cb lintibiateeucswesiadaveceae 


Daas 000i: .008 fn. --nncccen- MG GAR MeciccatanssucutA caniegiemmadanan 
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LABORATORY PROGRAM 


Several phases of Analytical Branch operations other than direct analyses are 
related to the strontium program, Progress on these projects is reported here 
for completeness, 


Wisconsin milk experiment 


Dr. Alexander collected samples during a milk drying run at Columbus, Wis., 
on November 13, 1956. Dried milk was taken at the start of the 16-hour run, 
and every hour to the end. Whole milk from the start and end and caustic 
washes from the cleanup were also taken. 

Since processing consumes about 1 tank per hour and 1 tank represents the 
largest blend made, the test should indicate the variability that might be expected 
in Sr-90 and Cs-137 for a normal run. Since our normal sampling is a 5-pound 
can selected weekly, this variability will be extremely important. 


Cs-137 analysis 


Analysis of certain samples for Cs—137 will help In understanding parts of 
the strontium program, as well as having value in themselves. 

The estimation of gamma dose from fallout will rely heavily on Cs—-137 determi- 
nations for old debris. The gummed film is adequate for evaluating fresh activity, 
but analysis of pot samples for Cs-137 will assist in assigning an age to the 
material. The concentration of Cs—137 in foods and in human urine will be of 
direct interest. 

The analytical methods are satisfactory for all types of sample except milk. 
There is considerable loss of cesium in the dry ashing process, even at 500° C. 
Still lower temperatures and a wet ashing process are being evaluated. 


Laboratory manual 


The methods for analysis of Sr-90, Sr-89, Cs-137, calcium, strontium, and 
mixed fission products are included in the Analytical Branch laboratory manual, 
which is being issued in looseleaf form as NYO-4700, 


Standard samples 


Standard samples are being prepared to assist laboratories starting work on 
strontium analysis. These are: 


. Milk ash 

. Bone ash (animal) 

. Bone ash (simulated human) 

. Bone ash (blank Cas (PO,):) 

Vegetation ash (hay) 

Mixed fission products (for separation studies) 

Soil 

. Standard Sr-90—Y-90 solution in ampoules (100 d/m) 


Samples 1, 3, and 4 are being analyzed at 3 or 4 laboratories. Samples 2, 6, 
and 8 are in preparation. These samples will be forwarded to any laboratory, 
on request, with a statement of Sr-90 and calcium content. From 200 to 500 
bottles of each sample will be available, each one adequate for duplicate or 
triplicate analyses. 


Am CO De 


~-* 
- = 
- 


Sal's 


Soil comparison 

Dr. Alexander, of the Department of Agriculture, is preparing large samples of 
soil for determination of Sr-—90 and calcium by several methods. These will 
assist in evaluation and selection of the best available methods of analysis. Pre- 
vious comparisons have been limited in scope, but have shown large deviations 
between methods, and one broad experiment is now required. 


Intercomparison report 
A summary of all laboratory Intercomparisons on all samples run to date has 
been completed, and will be issued as an NYO report. Agreement between lab- 


oratories is generally good, but there are enough major variations to warn 
against placing reliance on single results. 


Control milk 

The Analytical Branch has been running an analysis monthly on large batches 
of dried milk. The first lot, run from June of 1954 through April of 1955, showed 
values of 0.91 + 0.11 uwuc/g Ca for 10 analyses. The second lot, run from August 
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of 1956 through December of 1956, showed values of 4.6 + 0.7 nuc/g Ca for 16 
analyses. Although there are insufficient data for a complete statistical analysis, 
the results indicate some deviations greater than expected from counting error. 
Future control samples will be ashed and blended before use to remove the varia- 
tion between cans in the same lot. 


Representative Horirietp. Before we proceed with our next wit- 
ness, I have several statements I would like to insert in the record. 
The first is by Dr. W. F. Libby, a Commissioner of the Atomic Energy 
Commission, then a statement and a report by Dr. E. A. Martell, of 
the Air Force Cambridge Research Center, and finally a statement 
from the Naval Research Laboratory. 

(The statements referred to follow :) 


STATEMENT BY W. F. Linsy 
TOPIC Ix 


I would like to submit seven charts for the record. 

Chart 1 shows “collectioln pot data for Pittsburgh.” This is sometimes referred 
to as rainfall data. A washtub or similar container is placed at a carefully se- 
lected site and the material which falls into it (dust, soot, rain, etc.) is collected 
periodically and analyzed for strontium 90. It is a differential method since it 
gives the amount of strontium 90 that has been deposited in the interval between 
collections. 

The curve on the chart is a cumulative one, since the strontium 90 reported for 
each sample collected from the tub is added to the total of all the previous re- 
ports. Thus, a steadily rising curve is obtained, which at any time gives the 
total of strontium 90 that has been collected at that site. 

At the bottom of the chart are indicated the announced dates of detonations 
by the United States, United Kingdom and U.S.S.R. Dots indicate whether the 
detonations were air burst or surface burst, if that information is available, 

Chart 2 is similar to chart 1, but the data are those for New York City. In 
the case of the New York data, we have, on occasion, obtained and analyzed 
samples of soil and found them in good agreement with the strontium 90 levels 
estimated from this curve. 

Chart 3 is another way of presenting collection pot data. In this chart we 
have plotted each month’s accumulation individually without adding it to the 
previous month, so that on this plot the individual points represent the monthly 
rate of fallout. We have included the first few results from the worldwide net- 
work of collection pot stations which we are in the process of establishing. In 
general, there has ‘been a station in the gummed film network for some years 
at these same sites. 

Chart 4 is a plot of the strontium 90 content of some soil samples taken in 
Asia Minor in 1955 from the annual rainfall at those same sites. This chart shows 
a very interesting relationship between the amount of rain and the amount of 
fallout. 

Chart 5 is a spot map of the United States in which we have indicated the 
strontium 90 content of the soil in October 1956. These soil samples were ob- 
tained and analyzed in a cooperative venture of the AEC Health and Safety 
Laboratory and the United States Weather Bureau. 

Chart 6 is similar to chart 5; however, we have used the collection pot data 
of charts 1 and 2 to estimate the increment of fallout between October 1956 
and April 1957. Thus, we have been able to estimate the probable soil values 
at these same stations for April 1957. 

Chart 7 is similar to chart 1. The data are those for Chicago for the years 
1953-55 and are the data collected while the method was being worked out and 
checked. Note the agreement between the two soil samples and the rainfall 
curves, 
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Fig. § 
$r°° IN U. $. SOIL (HASL - OCT. 8, 1956) (HCI EXTRACTION METHOD) 
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Numbers are in mc/mi? at individuel site. 





Fig. 6 
ESTIMATED Sr?° IN U. S. SOIL AS OF APRIL 1957 


Numbers ore in me/mil? at individual site, 
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Fig.7 
RAIN DATA 
CHICAGO COLLECTION POT 
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STATEMENT OF Dr. E. A. MARTELL 


(Ph. D. radiochemistry, University of Chicago 1950; program director, radiation 
effects and fallout studies, Armed Forces special weapons project, 1950 to 1954; 
Chicago Sunshine project director, 1954 to 1956; Chief, Atmospheric Nuclear 
Chemistry Section, Special Projects Laboratory, Geophysics Research Direc- 
torate, Air Force Cambridge Research Center, Bedford, Mass., August 1956 
to present) 

I-A. REPORTS ON STRONTIUM 90 FALLOUT DATA 


1. E. A. Martell, “Project Sunshine Bulletin Number 11,” University of Chicago, 
December 1, 1955, SECRET; “Project Sunshine Bulletin Number 11—Strontium 
90 Concentration Data for Biological Materials, Soils, Waters and Air Filters,” 
AECD-3763, January 1957. 

2. E. A. Martell, “The Chicago Sunshine Method—Absolute Assay of Strontium 
90 in Biological Materials, Soils, Waters and Air Filters,” University of Chicago, 
May 1956. 

3. E. A. Martell, “Project Sunshine Bulletin Number 12,” University of Chicago, 
August 1, 1955; “Project Sunshine Bulletin Number 12—Strontium 90 Concentra- 
tion Data for Biological Materials, Solids, Waters and Air Filters,” AECU-3387, 
January 1957, 

I-B. UNPUBLISHED, UNCLASSIFIED FALLOUT DATA 


Analysis of strontium 90 in Antarctica snow cores, collected early in 1956, 
are in progress. Results should assist in establishing deposition rate and total de- 
posit of delayed fallout in Antarctica. Partial results can be submitted to the 
Joint Committee on Atomic Energy by letter report upon request. 


II. INTERPRETATION OF GEOPHYSICAL ASPECTS OF DELAYED FALLOUT 


Present stratospheric burden of strontium 90 and other long-lived fission prod- 
ucts can be only crudely estimated in view of the large uncertainties in the 
amounts introduced and in the rate of removal. However, Dr. W. F. Libby’s esti- 
mates of 2.4 megacuries of strontium 90 as the total stratospheric burden in 
June 1954 and again in June 1956 are undoubtedly good approximations. 

The rate and extent of stratospheric mixing are unknown. Thus the present 
and subsequent vertical and lateral distribution of stratospheric fission product 
debris are uncertain. The United States Atomic Energy Commission balloon 
sampling program which has been in progress over the last half year should 
provide information on the distribution, 
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The mechanism of transport of stratospheric debris into the lower atmosphere 
is not clearly understood. Thus the path and rate of deposition of delayed fall- 
out cannot be described with confidence at the present time. Proposed mecha- 
nisms include slow worldwide mixing through the tropopause and, alternatively, 
entrainment of stratospheric debris into the jet stream. Differences in tropo- 
pause definition and jet stream activity for the Northern and Southern Hem- 
ispheres may lead to differences in consequent ground distribution in the two 
hemispheres. If jet stream entrainment were the dominant mechanism in the 
Northern Hemisphere it would result in higher deposition in the middle latitudes, 
a result not inconsistent with observed ground levels. 

Rainfall scavenging is clearly the dominant mechanism which controls the 
deposition of delayed fallout once it has mixed into the lower atmosphere, The 
soil level of delayed fallout should correlate reasonably well with total rainfall 
within any limited geographical area for which the seasonal pattern of rainfall 
is similar. 

Southern Hemisphere fallout is substantially all delayed fallout. The limited 
data for South American soils and Antarctica snow cores indicate roughly uni- 
form fallout over the Southern Hemisphere, with the distribution modified prin- 
cipally by the rainfall pattern, 

Interpretation of Northern Hemisphere data is complicated by the contribu- 
tion of fallout from the numerous small atomic weapons tests. Highest observed 
levels of fall out are reported for the Northern United States, with about 30 
millicuries of strontium 90 per square mile in the fall of 1956. It is difficult to 
attribute more than a minor proportion of this amount to fallout from small 
weapons tests. The Northern United States may be receiving a substantially 
larger amount of delayed fallout than the average world deposition. 

An important gap in the information on the worldwide distribution of stron- 
tium 90 is the fallout over the oceans which comprise some three-fourths of the 
earth area. It is not possible to anticipate whether the oceans are receiving more 
or less than their proportionate share of delayed fallout. 

In conclusion, the large uncertainties in the atmospheric circulation and mix- 
ing history for delayed fallout, coupled with uncertain contribution of small 
weapons tests in the middle latitudes for the Northern Hemisphere, limit the re- 
liability of any statement of the fraction and the distribution of delayed fallout 
which has already come down. Similarly, no reliable estimate of future ground 
levels can be made. At best the delayed fallout will be distributed roughly uni- 
formly over the world, with the distribution modified by the rainfall pattern. 
It is also possible that the Northern Hemisphere is receiving a disproportionately 


large share, with the highest levels in the high rainfall areas of the middle 
latitudes. 


III. COMMENTS ON PROCEDURE FOR SAMPLING DELAYED FALLOUT 


Upper air sampling devices currently in use are satisfactory for synoptic eval- 
uation of the distribution of stratospheric debris. However, in view of the un- 
known size distribution of the submicron particulates in the stratosphere and the 
inherent inefficiency of upper air sampling devices, the current techniques are 
inadequate to assess the total concentration at any point in space and thus will 
not allow reliable assessment of the total stratospheric burden. New upper air 
sampling systems currently under development should overcome these limita- 
tions. 

Ground collection and analysis techniques for the indirect assessment of de- 
layed fallout are complicated by the experimental difficulties in the determination 
of fallout over the large ocean areas and in the identification of delayed fallout 
in the presence of fallout from summary weapons tests. 


Proyect SUNSHINE BULLETIN, No. 12!: SrrontruM 90 CoNCENTRATION 
DaTA FOR BIOLOGICAL MATERIALS, SOILS, WATERS AND AIR FILTERS 


E. A. Martell, August 1, 1956 (revised January 1957)—The Enrico Fermi 
Institute for Nuclear Studies, the University of Chicago, Chicago, II. 


INTRODUCTION 


Ia this revised edition of Chicago Sunshine Bulletin No. 12 are presented all 
Sr-90 concentration data obtained by the University of Chicago Project Sunshine 


1 This work was supported by the Division of Biology and Medicine, U. 8. Atomic Energy 
Commission, under contract AT (11-1)-281. 
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group for the period December 1, 1955, to termination of the work in August 1956. 
For cumulative results to December 1, 1955, see Chicago Sunshine Bulletin No. 
11.2 Results for samples assayed by the Nuclear Science and Engineering Corp., 
Pittsburgh, Pa., under subcontract, are included and are designated by the letter 
“Pp” following the Chicago Laboratory number (i. e., CL xxx-P). 

This revised report includes all results and discussion contained in the original 
version of Chicago Sunshine Bulletin No. 12, August 1, 1956, plus additional 
results submitted to the Division of Biology and Medicine, United States Atomic 
Energy Commission, in a letter report, Chicago Sunshine Results, Final List, 
dated August 3, 1956. Data of the last two columns, table 6, pages 27 and 28, 
have been corrected to take inio account the difference in ratio of available Sr—90 
to available calcium in the electrodialyzed sample as compared with the original 
soil. The correction is substantial for calcareous soils. A new result is reported 
for the Brawley, California soil, CL 1127 (p. 44, this report), establishing a lower 
maximum level of Sr—-90 for this arid area. 

The data for all biological samples and soils are presented in units of one one- 
thousandth of the occupational tolerance dose of Sr-90 for an average man of 
1,000 grams total body content of calcium. Thus the “sunshine unit” equals one 
one-thousandth microcuries of Sr-90 per kilogram of calcium or 2.2 disinte- 
grations per minute of Sr-90 per gram of calcium. 

Water and air concentration data are reported in disintegrations per minute 
of Sr-90 per unit volume. 

A description of the chemical procedures and the absolute counting method 
employed by the Chicago Sunshine project group has been reported." 

A considerable portion of the data presented in this report has been discussed 
by W. F. Libby.*5 Some of the data of Bulletins 11 and 12 are summarized in 
graphical or tabular form and are briefly discussed in the following section of 
this report. 

DISCUSSION OF RESULTS 


I. Sr-90 surface air concentration data 


Large air blower samples, collected over the last several years at the Naval 
Research Laboratory, Washington, D. C., by I. H. Blifford and ussociates, were 
made available to us for Sr-90 assay. Collections were made on Army Chemi- 
cal Corps type V filters of 200 square inches area and of heavy asbestos fiber 
composition. Collection volumes ranged from about 1 to 5 million cubic feet of 
air for collection periods of 1 day to 1 week. The large blower samples which 
were analyzed from Sr-90 were collected from four locations: Washington, 
D. C.; Kodiak, Alaska; Port Lyautey, French Morocco; and Yokosuka, Japan. 
A summary of the Sr-90 concentration data, together with the location, collec- 
tion period, and sample volume for each sample, is presented in the last sec- 
tion of this report. 

The Washington, D. C., Sr-90 air-concentration data are presented in figure 
1. For these samples, the volumes were computed from recorded flow rate 
data. Figure 2 shows the variation in total flow with length of the collection 
due to dust loading of filters at the Washington, D. C., station. This curve 
was obtained from Mr. Blifford at the Naval Research Laboratory, who indi- 
eated quite large variations of individual collection volumes from the average 
values shown. 

The data for the three foreign stations are presented in figure 3. For these, 
the collection volumes were not monitored and the volume of each sample was 
estimated by assuming the effect of dust loading observed at Washington, D. C. 
(fig. 2), applied equally well at these other locations. The necessity of making 
this assumption imposes a restriction on comparison of relative air concentra- 
tions for the four locations but does allow us to consider the change in air 
concentration with time at each location. 


2. A. Martell, Project Sunshine Bulletin No. 11, Dec. 1, 1955, secret; AECD 3763, 
January 1957. 

%—. A. Martell, The Chicago Sunshine Method; Absolute Assay of Sr-90 in Biological 
Materials. Soils, Waters, and Air Filters, AECU 3262, May 1956. 
as 305 F. Lib bby, Radioactive Strontium Fallout, Proceedings National Academy of Science, 
2; 65 (1956). 

i Lil: by, Current Research Findings on Radioactive Fallout, speech before AAAS, 

Washing ston, i ., October 12, 1956. 
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Fig.1: Sr2° Surface Air Concentration 
NRL, Washington , D.C. 








Fig.2: Variation Of Total Air Flow With Time For 
Large Blower Due To Dust Loading Of 
24 Filter, NRL, Washington, D.C. 
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700 Fig.3: Sr°° Surface Alr Concentration 
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The data for all four locations show generally the same concentration levels 
at any given time and all show a gradual and substantial increase during 1954. 
The concentrations observed at Kodiak, Alaska, during and following the spring 
1952 tests are strikingly low by comparison with the 1954 and 1955 concentra- 
tion data. The average Sr-90 activity in 10° cubie feet of surface air appears 
to have increased from a pre-Ivy test level of about 4 dpm. to a pre-Castle level 
of some 40 dpm. and a post-Castle level of some 200 dpm. 

Comparison of the Sr-90 air concentration data with the daily total fission 
product beta activity data obtained by the NRL group indicates “apparent” 
ages for the mixed fission products of from 1 month to several years with 
wide variations during any given month. No conclusions with respect to the 
Sr-90 production date may be drawn from such data for a number of reasons. 
The size distribution of the original bomb debris is dependent on the energ 
yield, orientation, and environment of the weapon and for each case the mean 
size of particulates carrying Sr—90 is expected to be smaller than that of mixed 
fission products. Furthermore, the particulates may be further fractionated 
by the action of rains, depending on the efficiency of scavenging by rains as 
a function of particle size. Another complication is that imposed by the size- 
collection efficiency of the device itself. Additional difficulties are imposed by 
the close spacing of tests during the last several years. Finally, there are large 
day-to-day variations in surface concentration of Sr-90 and other fission prod- 
ucis, apparently due to scavenging of surface air by vegetation and to the time 
interval between rains. 

In spite of the many complicating factors indicated above which limit the 
meaningfulness of’ any individual measurement of Sr-90 concentration and its 
relation to total fission product activity or to other individual fission product 
concentration, the general features of the Sr-90 surface air concentration data 
shed considerable light on atmospheric circulation and storage of long lived fis- 
sion products. The Sr-90 air concentration history shows a marked general in- 
crease following the Ivy and Castle tests and thus appears to directly relate to 
the increased stratospheric storage following these tests. The general equiv- 
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alence of the concentrations observed for the four stations, widely separated in 
geographical location, is strong indication that relatively old debris rather than 
fresh fission product activity is involved. Except for a few of the highest con- 
centration values observed, the Sr-90 data do not reflect any considerable con- 
tribution from individual small-weapons tests for which tropospheric washout 
rates of several weeks or less have been estimated. 

An air filter device, horizontally oriented near the ground surface in general, 
will not collect large particles which fall directly or particles trapped in rain- 
drops. Instead, it will collect a portion of those particles which mix downward 
between rains and persist in surface air plus some of the particles carried in the 
air downdraft associated with rains for which the scavenging efficiency of rains 
is low. Thus, the Sr-90 surface air concentration data do not necessarily relate 
to the total deposition rate in any direct manner. 

The Sr-90 concentrations observed in surface air during the fall 1954 and 
spring 1955 are an order of magnitude lower than the limited United States 
and British measurements of upper troposphere concentration during the same 
period. ‘The numbers are not necessarily inconsistent when consideration is given 
to dilution by cleaner surface air during downward mixing, to reduction re- 
sulting from scavenging by rains, and to removal from surface air by the filtration 
action of vegetation foliage and the action of fog and dew. The mean troposphere 
concentration of Sr-90 is undoubtedly a factor of 5 to 10 times higher than sur- 
face air values and thus corresponds to a total tropospheric air burden of 1 
megaton of fission or so. These considerations provide additional basis for 
the argument that the Sr-90 surface air concentration data relate to stratos- 
pheric debris since the total fission yield represented by this source will generally 
mask the Sr-90 produced in tests of small atomic weapons. The low concen- 
trations observed at Kodiak during June and July 1952 provide the most con- 
vincing argument that Nevada tests, and thus small weapons tests generally, 
contribute negligibly to the Sr-90 concentration observed on surface air filters. 

Thus, it appears that the measurement of Sr-90 on surface air filters pro- 
vides a direct measure of the stratospheric burden and that the apparent sea- 
sonal variation in the Sr-90 surface air concentration may relate to seasonal 
variation in mixing through the tropopause and/or tropospheric washout rate. 


II. Sr-90 in Chicago rains 


A. Summary of Chicago rain data, 1953 through 1955—Table 1 shows the 
estimated monthly and yearly totals of Sr-90 deposited per square foot in the 
Chicago area, together with totals for rains actually measured. 

The 1953 rain samples were roof runoff samples collected by the Chicago 
Tritium research group. For these, it is assumed that the result in disintegra- 
tions per minute was constant for each rain, and the Sr-90 deposited per square 
foot was computed from the total precipitation in inches reported by the Weather 
Bureau for the University of Chicago station. 

The 1954 samples were individual rains collected in a galvanized washtub on 
the roof of the Jones chemistry laboratory building. For these, the total sample 
activity divided by the collection area was taken as the Sr-90 deposited per 
square foot for individual rains. 

For both 1953 and 1954 rains, the total monthly deposit was estimated by 
multiplying the deposit in disintegrations per minute per square foot per inch 
of rain for the rains measured by the total monthly precipitation in inches. 

Table 2 shows the total monthly deposits for 1955 rains. At all three locations 
the 1955 collections were made in galvanized tubs, and the total monthly precipita- 
tion was taken. For these, the deposit per square foot was computed from total 
sample activity divided by collection area. The 1955 collections were made with 
the tubs exposed continuously, and thus any dry material falling out between 
rains was included in the sample. 
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TABLE 1.—Sr™ deposited by 1953 and 1954 Chicago rains 


1953 Chicago rains 1954 Chicago rains 


Inches of rain | DPM Sr-90/ft.2} Inches of rain | DPM Sr-90/ft.! 





Pe co dd Rissa seeded Roe. Fee Se Ree Biciaetawdadus 
OO i ra ea 1.45 (0. 22) 0.99 (0, 15) 2.17 9) EE cs i tae 
IN on iis cc cuatienion 3.59 (1.72) 7.15 (3.42 4.44 (2, 49) 64.0 (35. 8) 
April 2_. 2.83 (1.59) 47.8 (42.3) 4.53 (1. 85) 15.7 (6.4) 
May..-- 2.04 (0.75) 6.0 (2.2) 2.25 (0, 80) 21.3 (7.6) 
June. 4.49 (1, 87) $7.1 (15.5) 2.73 (1.55) 27.0 oa 4) 
July____- 3.95 (1. 95) 22.4 (11.1) 6.37 (3.89) 18.7 (11. 4) 
August 3__ 1.32 (0, 88) 2.16 (1.44) 6.12 (0.60) 45.3 (4.43) 
Septem 2.17 (0.78) 39.0 (13.7) ROO. Ritbotas eos. 
October__. 1.58 (0,45) 45.2 (12.9) 11.69 (6.5) 21.2 (11.8) 
NI cr ene ae a 1.53 (0.39) 2.0 (0.51) 1.37 e 13) 7.4 . 70) 
penne. Cceree <5 6-82 v8 Ste 2.44 (0) |---------------- 2.05 (1. 80) 27.0 (23.8) 
il ici ee Raa iaiel SUED: - ps lecstadunraimsadl | >250 


1 Values in parentheses are totals for measured rains. 

2 On April 1953 rain of 0.94 inch deposited 39.4 dpm. Sr-00/ft.4. This rain was omitted in the estimation 
of the contribution of April rains which were not collected. 

3 The estimates for August and November 1954 are based on a very low fraction of the monthly precipita- 
tion, with the result that the estimates are probably high for August and low for November. Such errors 
should approximately average out over the year. 


TABLE 2.—DPM Sr™/Ft.? deposited by 1955 rains and snows 








Month Chicago Pittsburgh Washington, D. O. 
ge 6.6 e | || | EES SE Seas EES ee ea ee 
ON a on So ee) eS: ei eee 30.0 (1. 74 inches) 
Set REG cate nciconnes 44.9 (2.17 inches) 25. 2 f 40 inches) 58. 5 (3. 49 inches) 
DE cpetiavicactnceneheeniasiies ee 39. 7 (2. 42 inches) 88. 6 (4. 84 inches) 75. 3 (2. 33 inches) 
ocean ac mncucameenuee 105. 0 (2. 66 inches) SOD UE Oe SE tnccnenatcsatannackcon 
URS sepa ae cond ees eamnaaeirs 1~7.8 (2.77 inches) BOS Ce Oe PN a kadncatndtesncnoncke~ 
a iar ee 31. 6 (2. 63 inches) We © Ge Ic ntenincciencuucuoas 
EE EE TO RE EES BREET S 13. 0 (6. 60 inches) Des © Go I i coiccind a ueewes 
NII iat aces ceninn badeeaeoe 10. 8 (1. 57 inches) Bie Ch Oe PU Bin occa decane ckeanan 
SE cc cutesnanuskeansamere 27. 5 (6. 12 inches) te a 
II cinta ca cta che aiaee canceled 18. 2 (1. 77 inches) PAO Fe a Pacaatacacsdchicccuasca 
PIII iis tic cacedcc A etcanwledsscsedd 5. 5 (0. 47 inch) Bese 2 eeebiedeehcccccadesen 


1 Based on assay of 34 of total monthly rainfall. 


B. Test of rain-collection method.—If the collection of precipitation is to be 
used as a method of following the deposition of fallout Sr—-90, it would be highly 
desirable to increase the collection period to about 1 month. During a long 
period of collection, the collector would be alternately dry and wet. Under 
these circumstances, it may be considered that a significant amount of fallout 
would be blown out of the collector during dry periods between rains or accumu- 
lated in excess when the collector contained water. 

As a test of these possibilities, a number of collections made at Chicago during 
March, April, and May 1955 included, in addition to the standard open tub, a 
second tub covered with a plastic sheet with a small center hole, and a third tub 
with the water level maintained at an inch or more by periodically adding water. 

Results for the “covered” tub and “wet” tub collections have been reported in 
Chicago Bulletin No. 11 and in this report. In the case of the “wet” tub, the 
volume reported is that obtained from the collector area and depth of precipita- 
tion reported by the Weather Bureau for the University of Chicago station. 

The total Sr-90 activity collected by each of these methods can be directly 
compared since the collection areas are equal. The data are as follows: 
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1. Period 1000, Mar. 16, 1955, to 0915, Mar. 21, 1955: 


Cia) SEE concnonee Open tub__ 29. 0+2.0 dpm total. 

Ch 400]? nk cance Covered tub 31.8+2.2 dpm total. 
2. Period 1530, Mar. 21, 1955, to 1000, Apr. 4, 1955: 

CL 462 and 466_____ Open tub-. 45.144.0 dpm total. 

Ce Sit sucnstenks “WW et” tub 35.2+2.2 dpm total. 
3. Period 0950, Apr. 4, 1955 to 1400, Apr. 14, 1955: 

Ohi S62 cdeanues Open ‘tub_.  29.041.9 dpm total. 

ee Covered tub 34.342.4 dpm total. 
4. Period 2100, Apr. 14, 1955, to 1630, Apr. 20, 1955: 

CE, BI eacnn ce Open tub. 53.5+3.3 dpm total. 

CE S@e 8 knee na aon Covered tub 34.4+ 1.8 dpm total. 
5. Period 1800, Apr. 28, 1955, to 0930, May 13, 1955: 

GL Ore. acs Open tub__ 67+7 dpm total. 

2 Covered tub 83+9 dpm total. 

Ch GIG P iccccace “Wet” tub 72.8+4.9 dpm total. 
6. Period 1100, May 13, 1955, to 1130, May 23, 1955: 

Of GN cc ccs Open tub__ 90-45 dpm total. 

5 2 2 a Covered tub 70+5 dpm total. 
7. Period 1700, May 23, 1955, to 1030, June 6, 1955: 

ly Ollcic cana toad Open tub_. 21048 dpm total. 

Chi Gate wccuceasen Covered tub 239+ 12 dpm total. 

Ch OMe as cceducccs “Wet” tub 221+8 dpm total. 


The agreement in total Sr® activity collected by each of the several methods 
is gratifying. The only significant discrepancy is the low value for CL 563-P 
which might be explained by the occurrence of a very heavy rainfall with a 
possible resultant loss of sample due to splashing off the plastic cover. Another 
possibility is the occurrence of dry fallout which could have been blown off the 
plastic cover by surface winds. It appears that the Sr® is water soluble at the 
time of collection and is not absorbed on the walls of the vessels. It is further 
indicate that, once deposited in rains, the Sr” fallout does not blow around 
significantly. 

These results testify to the adequacy of the water-collection and chemical- 
separation procedures used and indicate that an open tub provides for reliable 
collection of precipitation for extended periods of time. Since the Sr activity 
is apparently quite soluble, large volume collections can be safely aliquotted to 
reduce the sample shipment problem. Thus, the collection of precipitation ap- 
pears to be a practicable method to augment, or even replace, the sticky paper 
collector as a general method of worldwide monitoring. 

C. Solubility of Sr%° deposited in rains.—The above indirect evidence for the 
solubility of the Sr® activity in fallout is confirmed by the analysis and measure- 
ment of the insoluble residues from Chicago rains. The insoluble residues from 
two active Chicago rains, CL 320 and CL 407 and 408, initially separated by filtra- 
tion, were fused with Na:CO,; and dissolved in HCl. Following a fuming nitric 
acid separation of strontium, the samples were reserved for yttrium 90 growth 
and milked for the Y® activity. The results are shown in table 3 together with 
the Sr® activity of the water soluble fraction. 


TABLE 3.—Solubility of Sr-90 in rains 


CL 320 CL 407-8 


1, Total Sr-90 activity in solution (dpm). -......-.....................------- 49.2 


+0. 5 29. 941.5 
2. Total Sr-90 activity in insoluble residue (dpm) _....-.........-.-.-.--..-- <0. 6 0. ry 0.1 
8. Percent of total activity in insoluble residue_-_-..................-.-.------ <12 2.30.4 





D. Chicago fallout history from rain and soil data.—The Sr™ data for Chicago 
rains and Chicago milkshed soils are summarized in figure 4 which gives the 
approximate total soil burden of Sr” and its change with time over the 3-year 
period, January 1953 to December 1955. The curve is normalized to the average 
available Sr” in 6 typical Chicago milkshed soils collected on September 29 
and 80, 1955. The total monthly fallout in Chicago rains are taken from tables 
1 and 2 above, and the method of measurement and data are discussed in the 
accompanying-section. The Chicago milkshed soil data are discussed below. 
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The average available Sr” observed for the same 6 soils samples in late 
September 1953 is also plotted. The agreement in this case may be partly 
fortuitous since the available Sr” in the soils, that fraction extractable into nor- 
mal neutral ammonium acetate, is somewhat less than the total. 

From figure 3 it is clear that most of the fallout hag been deposited since the 
beginning of 1953. The change in average annual slope indicates at least quali- 
tatively the increasing annual contribution of stratospheric debris to total fallout. 
The general agreement between the change in soil level and cumulative fallout in 
rains during the intervening period is graphic indication that the scav- 
enging of the atmosphere by rains is the primary mechanism of fallout. Sampling 
of rains with tubs continuously exposed will include collection of dry fallout 
of large particles which may be appreciable for considerable distances downwind 
of test areas during the first few days following an atomic test. 


IIT. Results for 1955 Chicago milkshed samples 


A. 1955 Chicago milkshed soils—Table 4 summarizes the results obtained 
for the Chicago milkshed soils collected September 29 and 30, 1955. The available 
calcium in grams per square foot was computed from Beltsville analyses of 
available calcium per unit weight of sample and total weight and area of sample 
collected. Strontium 90 analyses were made by the Chicago Sunshine Laboratory. 

The samples were taken from the same fields of farms sampled in 1953 and 
again in 1954. Farms Nos. 3, 6, and 7 had been plowed recently. For each of 
these, 15 plugs, 3.5 inches in diameter, were taken to a depth slightly greater 
than apparent plow depth. On farm No. 7, two sets of samples were taken 
alternately spaced holes to provide a check on the reliability of sampling recently 
plowed fields. The agreement in the results of the duplicate samples is very 
striking. 

The results in dpm per square foot apply to the available strontium 90 (i. e., 
extractable in normal neutral ammonium acetate) and not necessarily the 
total strontium 90 deposited per square foot. Although the Chicago rain data 
indicate that the strontium 90 is deposited in soluble form, it is recalled that 
1953 soil samples fused with Na:CO,; following successive NH;:AC and HCl ex- 
traction showed appreciable residual strontium 90. 

The average for the first 6 farms listed in table 4 is 970+180 dpm available 
strontium 90 per square foot, corresponding to about 12 millicuries per square 
mile for this area. The September 30, 1953, average for these same 6 soils was 
approximately 5 millicuries per square mile. The increase of 7 millicuries per 
square mile for the 2-year period is in surprisingly good agreement with the 


ee 
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total deposition of strontium 90 in Chicago rains over the same time interval 
(see fig. 4). 


TasLe 4.—Available Sr-90 in 1955 Chicago milkshed soils 





Available 
Beltsville} Chicago Sr- 
number | labora- Farm Depth | Sunshine |Available| dpm/ft? 
to: units Ca g/ft 2 
number 
Layer} Total 

1503 1019 | Swanson (No. 3)! Winnebago County, | Inches 

eee ee 0-8 6. 83-40. 08 82.80 |1, = 1, 240 
1500 956 | Holeomb (No. 4) Rock County, Wis..| 0-2 |26.7+ 1.0 15.00 1, 150 
1501 Ss Wace co aa setioepaasanotekeeee 2-6 3. 81+0. 14 31. 80 7 ’ 
1502 1018 Promo (No. 6)! Columbia County, 

Pho ia as tng ee a 0-6 15. 040. 5 25.50 | 843 843 

Kurpe (No. 7)! McHenry County, 

1496 886 a ag  lacccsimanitaeapvabeatiasclceilbions 0-6.5 | 11.9-+0.5 30.90 | 810 } 828 
1497 887 RN Bispk cc cchacdesea ees 0-6.5 | 12,6+0.5 30. 50 846 
1504 1020 | Austin (No. 8) McHenry County, Ill..| 0-2 49. 9+1.5 6.92 | 760 } 925 
1505 1021 |___-_- a cin atwikecacca ain Leeder toe 2-6 9. 640.4 7.80 165 
1498 888 | McKee (No. 9) McHenry County, Iil_| 0-2 9. 8+0. 4 31.20 | 673 } 844 
1499 055 |..... sa a aa eee ie ee 2-6 0. 99-0. 04 78. 40 171 
1508 1922 | Van Winkle (No. 11) Will County, Il} 0.2 65. 142.6 4.40 | 630 \ 742 
1509 . oy ee NS as aes oe eee aerate 2-6 10. 00. 4 5.10 112 
1510 1024 | Carver (No. 12) Will County, Ill 0-2 64. 541.3 3.71 525 \ 698 
1511 1025 |-...- OR 6e i ciaensmibeentaniKi ideas 2-6 14.0+0.7 5. 60 173 





1 Field recently plowed. 


The soils for farms Nos. 11 and 12 are not typical for the Chicago milkshed 
area but are coarse sandy soils included in the selection because of their very 
low calcium level. These two soils show the lowest 1955 level and the lowest 
2-year increase in available strontium 90. While it is possible that they received 
less fallout, it is more likely that something in the chemistry of these two soils 
acts to reduce the friction of “available” strontium 90. That these soils may be 
anomalous is further indicated by the unexpectedly low concentration of stron- 
tium 90 in the alfalfa grown on them (see table 5 and discussion on p. 22 below). 

The strontium 90 measurements for the twelve Chicago milkshed soils collected 
in late September 1953 have been summarized and discussed elsewhere. The 
1953 soils show an average of about 50 percent of the total available strontium 90 
in the top 1-inch layer for unplowed soils. The 1955 soils show about 80 percent 
of the total available strontium 90 in the top 2 inches of unplowed soils. Since 
this observation applies equally well to the soils showing the lowest total avail- 
able strontium 90 (farms Nos. 11 and 12), it appears that the leaching of stron- 
tium 90 to greater depths by natural processes is very slow. 

B. 1955 Chicago milkshed alfalfas.—Results for the alfalfa samples are pre- 
sented in table 5 together with the results for the soils from which they were 
collected. The soils are listed in order of decreasing concentration of available 
calcium in the 0 to 2 inch depth surface layer, as shown in column 2. 

The soil levels of available strontium 90 in sunshine units are listed in the 
third column together with the depth of the soil sample assayed. The results for 
£0il samples of 0 to 2-inch depth increase fairly regularly with decreasing cal- 
cium concentration. For the three recently plowed soils, the sunshine unit values 
of 0 to 2 inch depth are undoubtedly some 2 to 3 times the values given, 

In controlled experiments, Menzel* has shown that the available strontium 90 
to available calcium ratio in plants is about half the corresponding soil ratio. 
Under controlled field conditions, the relation of plant and soil level will be 
influenced by many complicating factors including possible leaf retention of 
strontium 90 fallout, variable: root depth and soil moisture depth, the sharp 
gradient of strontium 90 concentration in the soil surface layer, and the appli- 
cation of fertilizers containing calcium. These factors undoubtedly account for 
considerable scatter in the results. 

In the last column of table 5, the strontium 90 to calcium level in alfalfas are 
arbitrarily compared to the same ratio in the 0 to 2 inch layer of the soils on 
which they were grown. The results appear quite reasonable with the exception 
of those for McKee, Van Winkle, and Carver farms, 





* Menzel, G. R., Soil Science 77, 419 (1954). 
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; 


The high concentration for the McKee farm plant material may be explained 
by the fact that the sample taken was a mixture of bromegrass and ladino clover 
with shallower root depth than that of alfalfas and thus may relate to a higher 
soil level. Furthermore, the growth was short and sparse and was gleaned from 
several scattered patches apart from the point of soil sampling. Thus, differ- 
ences in soil calcium or strontium 90 or a higher leaf retention effect may be 
involved. That this sample is not characteristic of the average McKee farm 
vegetation is indicated by the result of 0.51+0.03 S. U. for the bone of a McKee 
farm steer killed in September 1955 (see CW 813-P and compare with CL 1011 
and 1012). The three 1955 Chicago milkshed animal bone samples show the 
lowest strontium 90 level for the farm with the highest soil calcium level and 
the highest bone level for that of the lowest calcium, as would normally be 
expected. 

Dr. L. T. Alexander, Chief of the Department of Agriculture Soil Survey 
Laboratory, Beltsville, Md., has suggested that the low results for alfalfas grown 
on the two Plainfield sand soils (farms Nos. 11 and 12) may be due to the greater 
root depth which would result in their getting most of their calcium well below 
the surface and hence out of reach of the majority of the strontium 90 activity. 


TasLe 5.—Comparison of Sr—90 level in related alfalfa and soil samples 















| 
Available Sr-90 plant 
Ca 0 to | Sr-90 soil level, in sunshine level, in 
Farm 2-inch units sunshine Ratio! 
depth units 
(g/ft.2) 
McKee (No. 9), McHenry County, Tl- 31.20 | (0 to 2-inch), 9.8+0.4__.......- 30. 54-1. 70 3.10 
— (No. 3),2 Winnebago County, ~20.70 | (0 to 8-inch), 6.83+0.08__.....- 13.64 .80 (~. 80) 
Holeomb (No. 4), Rock County, Wis_-- 15.00 | ( to 2-inch), 26.741.0_._....... 19, 2+1. 00 72 
= (No. 7),! McHenry County, ~4. 40 | (6 to 6.5-inch), 12.30.4.......- 7. 05-b. 33 (~. 02) 
Premo No. 6),!Columbia County, Wis.| ~8.20 | (0 to 6-inch), 15.0+.0.5. --| 25. 51. 30 (~. 70) 
Austin (No. 8), McHenry County, Il_- 6.92 | (0 to 2-inch), 49.9+1.5_ --| 38.0+2. 00 76 
Van Winkle (No. 11), Will County, Il-_- 4.40 | (0 to 2-inch), 65.1+2.6- 4. 744. 21 073 
Carver (No. 12), Will County, Ll-_....- 3.70 | (0.2-inch), 64.5-41.3.. 2. 73. 18 - 042 





1 Ratio=sunshine units plant/sunshine units soil over 0 to 2-inch depth. (For the 3 unplowed soils, the 
0 to 2-inch depth concentration of Sr-90 is arbitrarily taken as 2.5 times that determined for the greater depth. 
‘ Field recently plowed. 


IV. Fresh milk from Chicago dairies 


Samples of 2 to 3 gallons of fresh milk were obtained monthly from several 
of the larger Chicago dairies for 1 year beginning in March 1955. ‘The results 
in sunshine units are presented in figure 5 which shows the very interesting 
seasonal variation in the Sr-90 level of forage and dairy products. 


7 


Fig. 5: s°9 Ca Ratio, Fresh milk from Chicago Dairies 
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The January-February 1956 Sr-90 level appears to be a good average of the 
levels observed over the 1955 growing season. That is to be expected, since over 
the winter months the cows feed on hay gathered at various times during the 
previous growing season. Similarly, the March-April 1955 level must represent 
the average for 1954. 

The sharp rise in the spring of 1955 may be due in part to leaf retention of 
fallout from the concurrent Nevada tests. However, the rise may be explainable 
in terms of other factors. When first pastured in the spring, the cows change 
from feed grown an average 8 months earlier to new growth, representing an 
increase in Sr-90 level due to the total additional Sr-90 fallout during the 8 
months’ period. Furthermore, the spring pasturage for the most part may be 
unplowed fields. 

The fall-off during the summer may be due to several factors: A large pro- 
portion of feed from recently plowed fields, greater root depth and thus lower 
Sr-90 level for more mature plants, and lower Sr-90 retention in milk as a result 
of richer calcium diet. To the extent that leaf retention is involved, it should 
have lower effect in summer consistent with the lower observed fallout during 
the summer months (see 1955 Chicago rain data, table 2 above). 

The increase from the March 1955 level to the February 1956 level is somewhat 
greater than the corresponding increase in the total Sr—-90 soil level from July 
1954 to July 1955 (see fig. 4). The greater increase in milk level may be the 
consequence of higher fallout, and thus higher leaf retention, in 1955 than in 
1954. Another possible explanation would be the reduced effect of plowing 
on lowering the average Sr—90 level at root depth in suceessive years. 

The data in figure 5 indicate that the sampling was surprisingly good, since 
the only considerable scatter occurs during the sharp spring rise. The monitoring 
of milk from large dairies appears to provide a good record of plant and dairy 
product activity levels over the growing season for a given area and also provides 
a basis for comparison of the activity of plants and dairy products from widely 
scattered areas, 


V. Sr-90 content of foreign soils 


The results of Sr-90 analyses for all foreign soil samples assayed since the 
publication of Chicago Sunshine Bulletin No. 11, December 1, 1955, are summar- 
ized in table 6. Results for earlier foreign soil measurements, which include 
most of the data for soils collected during and prior to the spring of 1954, have 
been reported by W. F. Libby.‘ 

The results reflect the substantial increase in the worldwide distribution of 
Sr-90 fallout following the Castle tests. The increase is particularly striking 
for the Southern Hemisphere samples which show about an order of magnitude 
increase in the Sr—90 soil content for the period from spring 1954 to January 1956. 

Two of the South American samples (Beltsville No. 56456 from Lima, Peru, 
and No. 56447 from Antofagasta, Chile) are representative of areas of very low 
rainfall, Comparing their results with those for the Sao Paulo, Brazil, and Anto- 
fagasta, Chile, soils indicates a striking dependence of the fallout on rainfall. 
The result for the Brawley, Calif., soil (CL 1127, reported on p. 44 ,this report), 
which shows <0.4 sunshine units, corresponding to =—0.6 millicuries of Sr-—90 
per square mile, is equally convincing in this respect. It would appear that, ex- 
cept within several thousand miles downwind of test areas where large particles 
of dry debris may fall out directly for a short period following a test shot, pre- 
cipitation must be the only important mechanism of fallout. This dependence can 
be further tested by relating the Sr—90 soil level to rainfall information for areas 
remote from test sites. The latitude dependence of fallout, pointed out by W. F. 
Libby,‘ should be taken into account when such a correlation is attempted. 


4W. F. Libby, Radioactive Strontium Fallout, Proceedings National Academy of Science, 
42, 365 (1956). 





628 RADIOACTIVE FALLOUT AND ITS EFFECTS ON MAN 


TABLE 6.—-Sr-90 content of foreign soils 











i Belts- Sr-90 
| ville Location Collection date | Depth | (sunshine | g Ca/ft? | Me/mi? 
| No. units) 
Inches 
i CSIN | Tarkeey Nes te. ccc cnctvccnwcsecss ae 1954_. 0-2 | 2.44+0. 13 33. 20 2. 30 
ROE 8 TO sok cece ndcénenkelecsn dels stunbaacee 0-2 | 1.5240. 05 29. 50 1.30 
DOs NS, TE Bocnnadnavensannansealadnd = Shes 0-2 | 1. 29-40. 06 30. 40 1.10 
I Up nacee re 1955... O44 | 1.6440. 05 88. 20 4.00 
0-4 | 1. 28+0. 07 106, 40 3. 80 
' 0-4 | 2.4 +0.2 31. 80 } 2.70 
: 0-4 | 1.0140. 12 19. 80 
4 | 4.4 +0.2 32. 10 } 4.60 
0-4 | 1.2240. 13 20. 50 
0-4 | 2.0440. 13 29. 00 } 2, 
0-4 | 1.5640.12] 17.90 40 
0-4 | 1.40+0. 10 31. 70 1.20 
uiiperbinhaidchintbtikiondatpaidhl O44 | 0.6940. 05 41. 60 so 
0-4 | 3. 7440. 34 4.34 45 
0-4 | 5. 864-0. 29 6. 08 99 
0-4 | 3.7140. 14 4. 52 47 
0-4 | 1. 20-0. 08 32. 60 1.10 
0-4 | 2.90+0. 20 47.10 3. 80 
Beker; French West Africa_ 0-4 | 9.3140. 74 1.12 '] 
55672 | Bom bay, In TN sos cdo aeeck bes ad 0-4 | 0.40+0. 02 7. 65 08 
55673 |....- D165 <cncha bid bammaleametunml vente O-4 | 0.6440. 05 10. 80 19 
55777 | Durban, South Africa_...........]-...- 0-4 | 4.4340. 19 13. 70 1.70 
55786 | Aden, Saudi Arabia___- i 0-4 | 1.02+0. 06 4.21 12 
54288 | Belo Horizonte, PROG ccccimint O4 | 5.3 42.1 76 «il 
54289 |..._. do. Bic aioli naa ane de alec O-4 | 7.1 +0.7 84 ake 
56448 | Sio Paulo, Brazil__--.----------- “January 1956_._- 0-6 | 3.04+0. 27 14. 20 1. 20 
56450 | Asuncion, Paraguay_.-....-.----|.---. te See et 0-6 [11.3 +0.8 6.2 1.95 
56456 | Lima, Peru 0-6 | 0. 60-+0. 04 42.7 71 
56447 | Antofagasta, Chile 0-44) 0. 44+0. 04 1. 66 02 





Chicago sunshine results for period Dec. 1, 1955, to Aug. 1, 1956 


Sample Sunshine units 
I. Human bone: In all cases, the date of sample corresponds to the 
date of death or post mortem. 
A. Newborn (under 30 days): 
1. United States: 
a. Furnished by Dr. Shields Warren, Cancer Re- 
search Institute, New England Deaconess 
Hospital, Boston, Massachusetts: 
(1) CL 993: Age 10 days, A55-317, Decem- 
ber 22, 1955, vertebrae, 5.14 g ash, 
TOG OO oan eh eirce wee ckcen 0. 70+ 0.04 
(2) CL 999-P: Age 9 days, A55-326, Decem- 
ber 30, 1955, vertebrae and ribs, 4.55 
pests W000 Cele cles eee 45+ .10 
2. Foreign, Southern Hemisphere: 
a. Santiago, Chile: Furnished by Dr. Juan Vial, 
Catholic University School of Medicine, San- 
tiago, Chile. Collection arrangements made 
by Dr. R. B. Watson, Rockefeller Founda- 
tion, Rio de Janeiro, Brazil: 
(1) CL 717-P: Age 4 days, August 2, 1955, 
femur, ribs, and sternum, 0.91 g ash, 
AS FE AR niall it amieeen cet we moun 12+ .3 
(2) CL 718-P: Age 2 days, August 10, 1955, 
femur, ribs, sternum, vertebral column, 
and parietal, 7.1 g ash, 2.7 g Ca_____-_ 17+ .08 
(3) CL 720-P: Age 2 days, August 11, 1955, 
ribs, sternum, vertebral column, and 
parietal, 6.7 g ash, 2.65 g Ca______-- -154 .05 
(4) CL 722-P: Age 5 days, August 12, 1955, 
ribs, sternum, vertebral column, and 
parietal, 6.1 g ash, 2.39 g Ca____._--. -31l+ .04 
(5) CL 723-P: Age 3 days, August 13, 1955, 
ribs, sternum, vertebral column, and 
parietal, 6.3 g ash, 2.33 g Ca____-_--. 14+ .04 
(6) CL 726-P: Age 9 days, August 18, 1955, 
ribs, sternum, vertebral column, and 
parietal, 4.5 g ash, 1.67 g Ca.___---- .33+ .06 
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Chicago sunshine results for period Dec, 1, 1955, to Aug. 1, 1956—Continued 


Sample 


I, Human bone—Continued 
A. Newborn—Continued 
2. F oreign, Southern Hemisphere—Continued 
b. 


B. Children (30 
1. United 


ima, Peru: Furnished by Dr. Alberto Hur- 
tado, Maternity Hospital of Lima. Collec- 
tion arrangements made by Dr. R. B. 
Watson, Rockefeller Foundation, Rio de 
Janeiro, Brazil: 
(1) CL 812-P: Age few hours, July 4, 1955, 
ribs and femur, 0.903 g ash, 0.334 g Ca_ 
(2) CL 809-P: Age few hours, July 6, 1955, 
ribs and femur, 1.26 g ash, 0.46 g Ca_ 
(3) CL 804: Age few hours, August 3, 1955, 
ribs and femur, 5.1 g ash, 1.96 g Ca__ 
(4) CL 807: Age 6 days, A No. 55-247, 
August 4, 1955, ribs and femur, 2.4 g 
ash, 1.11 g Ca 
(5) CL 806: Age few hours, A No. 55-251, 
August 8, 1955, ribs and femur, 1.26 g 
sols, G00 6 CMG. 4 oti tantt kann nisin 
(6) CL 810-P: Age 8 days, A No. 55-246, 
August 5, 1955, 1.83 g ash, 0.68 g Ca_ 
(7) CL 811: Age few hours, A No. 55-245, 
August 5, 1955, ribs and femur, 2.4 g 
eM OOS @ Obs adi 3 etic ks 
(8) Cl. 808-P: Age 10 days, A No. 55-365, 
September 9, 1955, ribs and femur, 
1108 oa OA Oe nc 
(9) Cl. 805-P: Age 14 days, A No. 55-367, 
September 10, 1955, ribs and femur, 
1.2 g ash, 0.52 g Ca 
days to 15 years): 
States: 


a. Furnished by Dr. Shields Warren, Cancer 


Research Institute, New England Deaconess 
Hospital, Boston, Massachusetts: 
(1) Cl. 850-P: Age 844 years, Massachusetts, 
A35102, April 15, 1955, vertebrae, 
5.47 -@ Gets: Dae @OMS oct oe ce 
(2) Cl, 851: Age 2 10/12 years, Massa- 
chusetts, A55-103, April 16, 1955, 
vertebrae, 5.1 g ash, 1.84 g Ca______~ 
(3) CL 852-P: Age 7 months, Rhode Island, 
A55-104, April 18, 1955, vertebrae, 
S.1S @ eek Lae @: Cae es oe cen 
(4) CL 855-P: Age 14 months, Massachu- 
setts, A55-108, April 21, 1955, verte- 
brae, 4.42 g ash, 1.23 g Ca___.....---- 
(5) CL 856-P: Age 7 years, Massachusetts, 
A55-109, April 21, 1955, vertebrae, 
6.41 g ash, 2.37 z COs tines Meltt8 
(6) CL 854—P: Age 2% years, Massachusetts, 
A55-110, April 24, 1955, vertebrae, 
COTY OS eee 
(7) CL 862-P: Age 6 years, New York, 
A160953, April 29, 1955, ribs, 6.97 g 
ash, 2.64 g Ca 


(8) CL 853-P: Age 4 years, Massachusetts, 
A55-116, April 30, 1955, vertebrae, 
3:05 Baath O07 # Chen cn cnccencas- 
(9) CL 860-P: Age 144 years, Massachusetts, 
A55-117, May 7, 1955, vertebrae, 6.56 
@ Sth, B.A Cann cn cacthewcdenpucen 


Sunshine units 


<. 45 


44+. 


A 


A 


. 364. 


16 


bo 


12 


o7+.1 


- 64+. 


2. 16+. 


13+. 


A 


- 82+. 


65+. 


- 22+. 


- 29+. 


- 28+. 


- 63+. 


40 


04 


08 


12 


04 


08 


03 


19 


. 04 
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Chicago sunshine results for period Dec. 1, 1955, to Aug. 1, 1956—Continued 


Sample Sunshine units 
I, Human bone—Continued 
B, Children (30 days to 15 years) —Continued 
1. United States—Continued 
a. Furnished by Dr. Shields Warren— 

(10) CL 859-P: Age 32 years, California, 

A55-122, May 8, 1955, vertebrae, 4.31 

ROAR DG Giks cue cecdasicwcunn <. 10 
(11) CL 858-P: Age 6 weeks, Massachusetts, 

A128, May 10, 1955, vertebrae, 2.30 

eRe Oe @ GAS aecs een eee nk . 71+. 20 
(12) CL 857-P: Age 5%2 years, New Hamp- 

shire, A417286, May 18, 1955, verte- 

brae, 3.88 g ash, 1.29 g Ca____.______. 40+. 12 
(13) CL 992-P: Age 11% months, Massachu- 

setts, A55-304, December 14, 1955, 

vertebrae, 3.71 g ash, 1.21 g Ca______- -69+.12 
(14) CL 995: Age 10 years, Massachusetts, 

A55-319, December 22, 1955, verte- 

brae, 4.21 g ash, 1.52 g Ca______-__--- 1.44-.2 
(15) CL 994—P: Age 13 years, North Carolina, 

A55-318, December 23, 1955, verte- 

brae, 31.45 g ash, 11.5gCa____.-____- 264.07 
(16) CL 996: Age 3 years, Massachusetts, 

A55-320, December 23, at a and 

vertebrae, 5.33 g ash, 2.04 Pec - 60+. 04 
(17) CL998-P: Age aL rant Snacmenheskette, 

A55-325, December 28, 1955, verte- 

brae and ribs, 9.90 g ash, 3.02 g Ca_- ~ 47+. 09 
(18) CL 1000-P: Age 11 years, Massachu- 

setts, A55-327, December 30, 1955, 

vertebrae and ribs, 33.48 g ash, 10.3 g 

Ca 


(19) CL 1001: Age 6 years, New York, A56-1, 
January 1, 1956, vertebrae, 4. 95 g ash, 

a AS ate tet Sete so iia 6 +.1 
(20) CL 1002: Age 1% years, Massachusetts, 
A56-2, January 1, 1956, vertebrae, 

Tia CGE Oe GME ee 1 7+.3 
(21) CL 1003: Age 7 weeks, Massachusetts, 
A56—3, January 2 ose vertebrae, 

2.97 g ash, 1.04 § ea eek cetera - 80+. 08 
(22) CL 1004-P: Age 2% aa Rhode Island, 
A56-5, January 4, 1956, vertebrae, 

6.8 g ash, 1.91 g | ana . 26+. 06 
(23) CL 1006—P: Age 5 months, New Hamp- 
shire, A56—6, January 6, 1956, verte- 

brae and ribs, 6.96 g ash, 2.16 g Ca__ - 97+. 08 
(24) CL 1007-P: Age 2% years, Massachu- 
setts, A56-10, January 10, 1956, ver- 

tebrae, 5.98 g ash, 1.73 g ieee te - 42+. 06 

C. Adults (over 15 years): 
1. United States: 
a. Furnished by Dr. Shields Warren, Cancer Re- 
search Institute, New England Deaconess 
Hospital, Boston, Massachusetts: 

(1) CL 863-P: Three samples combined, age 
range 40-44 years, Massachusetts, 
ribs, sterna and vertebrae, 51.2 g ash, 

27.7 @ Cann 0450-44+-~+---~----- 0. 046+0. 012 
(a) eee age 44 years, May 5, 

5 


(b) ae ee age 40 years, May 26, 
(c) No. 161952, age 40 years, June 8, 
1955. 
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Chicago sunshine results for period Dec. 1, 1955, to Aug. 1, 1956—Continued 


Sample Sunshine unite 
I, Human bone—Continued 
C. Adults (over 15 years)—Continued 
1, United States—Continued 
a. Furnished by Dr. Shields Warren—Continued 
(2) CL 663-P: Four samples combined, age 
—o 49-57 years, 88.47 g ash, 33.2 g 
si asa cs Oo eit eel om ari Ne cc lr tl eg ra - 036+. 009 
( "he 159893, age 57 years, Rhode 
Island, March 12, 1955. 
(b) No. 159920, age 54 years, Massa- 
chusetts, March 15, 1955. 
(c) No. 160704, age 49 years, Massa- 
chusetts, April 19, 1955. 
(d) No. 55A40, age 57 years, Massa- 
chusetts, April 22, 1955. 
(3) CL 864-P: Six samples combined, age 
range 51-57 years, Massachusetts, 
vertebrae, 75.38 g ash, 25.6 g Ca____- - 076+. 007 
(a) No. 160934, age 53 years, April 29, 


1955. 
(b) No. 161007, age 52 years, May 3, 


1955. 

(c) No. 55A49, age 57 years, May 9, 
1955. 

(d) No. 55A50, age 51 years, May 13, 
1955 

(e) No. 161984, age 55 years, June 10, 
1955. 

(f) No. 163751, age 51 years, September 
7, 1955. 

(4) CL 866_P: Three samples combined, age 
range 61-69 years, Massachusetts, 
femurs, 131.1 g ash, 49.9 g Ca______- - 029+. 005 

(a) No. mt age 69 years, May 21, 
1955 


(b) No. 161659, age 61 years, May 26, 
1955. 

(c) No. 161820, age 67 years, June 3, 
955. 


(5) CL 865-P: Six samples combined, age 

range 63-69 years, Massachusetts, 

vertebrae and clavicle, 75.0 g ash, 

26:6 @ Css 2. ceca ees ~1l1+ .03 

(a) No. 161093, age 67 years, May 6, 
1955. 

(b) a age 67 years, May 7, 
1955 


(c) No. 55A51, age 69 years, May 14, 
1955 

(d) No. 5558, age 69 years, May 23, 
1955 


(e) No. 161675, age 67 years, May 27, 
1955. 

(f) No. 161787, age 63 years, June 2, 
1 


955. 
(6) CL 867-P: Five samples combined, age 
range 71-77 years, Massachusetts, fe- 
murs, 228.2 g ash, 91.1 g Ca________- . 025+ . 003 
(a) No. 161028, age 76 years, May 6, 


1955. 
(b) a age 77 years, May 23, 
(c) an age 72 years, May 26, 
195 
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Chicago sunshine results for period Dec, 1, 1955, to Aug. 1, 1956—Continued 


Sample 
I, Human bone—Continued ; 
C. Adults (over 15 years)—Continued 
1. United States—Continued 
a. Furnished by Dr. Shields Warren—Continued 
(C) CL 867—P—Continued 
(d) ore age 71 years, June 2, 


(e) eee age 71 years, June 15, 
1955 
(7) CL 868-P: Seven samples combined, age 
range 70-81 years, vertebrae, sternum 
and ribs, 148.3 g ash, 55.4 g iiai oak 
(a) No. 161001, age 70 years, Connect- 
icut, May 2, 1955. 
(b) No. 161294, age 73 years, Rhode 
Island, May 13, 1955. 
(c) No. 161539, age 74 vears, Massa- 
chusetts, May 23, 1955. 
(d) No. 161605, age 80 years, Massa- 
chusetts, May 24, 1955. 
(e) No. 161887, age 81 vears, Massa- 
chusetts, June 7, 1955. 
(f) No. 161920, age 70 years, New Eng- 
land, June 8, 1955. 
(g) No. 161985, age 75 years, Massa- 
chusetts, June 9, 1955. 
b. Furnished by Dr. R. Hasterlik, Argonne Can- 
cer Research Hospital, University of Chicago, 
Chicago, Illinois: 
(1) CL 638: Four samples combined, age 
range 40-47 years, Chicago, 52.3 g 
Oi De Oe ee 8c ek ten 
(a) No. 9386, age 46 years, April 7, 1955. 
(b) No. 9390, age 47 years, April 12, 

1955. 
(c) No. 9414, age 40 years, May 6, 1955. 
(d) No. 9426, age 41 years, May 20, 

1955. 

2. Foreign, Southern Hemisphere: 

(a) Brazil: Furnished by Dr. Paolo Conto, Fa- 
culdade de Medicina, Universidade de Re- 
cife, Pernambuco, Brazil. Collection ar- 
rangements made by Dr. R. B. Watson, 
Rockefeller Foundation, Rio de Janeiro, 
Brazil: 

(1) CL 770-P: Age 18 years, Recife, Janu- 
ary 1, 1955, clavicle, 5.89 g ash, 2.25 





g Ca 
(2) Cl. as Age 24 years, Recife, January 
0, 1955, humerus, 8.32 g ash, 3.32 g 

(3) CL TB. Age 24 years, Recife, March 
13, 1955, metacarpals and phalanges, 
4.71¢ ash, RT Oe | 

(4) CL 766: Age 26 years, Recife, August 31, 
1955, femur, 12.24 g ash, 4.75 g Ca_. 

b. Brazil: Furnished by Dr. Jairo Camara, Facul- 
dade de Medicina, Universidade de Minas 

Gerais, Belo Horizonte, Brazil. Collection 

arrangements made by Dr. R. B. Watson, 

Rockefeller Foundation, Rio de Janeiro, 

Brazil: 

(1) CL 739: Age 34 years, Marque, July 20, 
1955, sternum and cartilage, rib frag- 
ments, 9.7 g ash, 3.14 Miiwnnieae 

(2) CL 764—P: Age 30 years, 3elo Horizonte, 
ig ‘tember 9, 1955, 14.27 g ash, 5.06 g 

a 





Sunshine units 


0314 .007 


~ 14+ .05 


<. 09 


IA 


16 
<. 07 
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Sample 
I. Human bone—Continued 
D. Dentine: 
1. CL 665-P: Permanent teeth from persons over 15 
years of age, Bristol, England, furnished by Dr. 
Shields Warren, Cancer Research Institute, New 
England Deaconess Hospital, Boston, Massachu- 
setts, No. L3, collected January to April 1955, 
32.32 g ash, 12.5 g Ca 
II. Animal bone: 
A, United States: 

1. Chicago Milkshed Farms: Collected by Dr. E. A. 

Martell: 
a. CL 813-P: Leg bone of Holstein-Angus, age 114 
years, McKee Farm (No. 9), McHenry 
County, Illinois, killed September 22, 1955, 
Lovie Seb; BAGO Casio cose Deck es 
b. CL 1012-P: Steer leg bones, age 19 months, 
Swanson Farm (No. 3), Winnebago County, 
Illinois, killed middle of November 1955, 
270.8 @ anh, 19.68 Cece 2...0oaceliw esau 
ce. CL 1011—P; Steer leg bone, age 15 months, 
Grabow Farm (No. 1), Rock County, Wis- 
consin, killed January 15, 1956, 440.2 g ash, 
ISRG © Clic a centntctedcclaaecioesl Joce 
2. Interlaboratory check sample, Cornell lamb bone, 
New York, age 6 months, furnished by Dr. Lyle T. 
Alexander, Beltsville No. 551512, killed September 
15, 1955. Four replicates assayed as individual 


samples: 
a. CL 841: Cornell lamb bone No. 31, 24.86 g ash, 
6:00 6 Ce 5 a A ee ks 


b. CL 842: Cornell lamb bone No. 32, 25.07 g ash, 
O26 6 Was sats okt ee ol 
ce. CL 843-P: Cornell lamb bone No. 33, 24.86 g 
ash, 8.26 g Ca 
d. CL 844-P: Cornell lamb bone No. 34, 24.95 g 
ash. 11.1 @ Cacc. ited ose ose ee 
3. Interlaboratory check sample, calf bone, age 9 months, 
Tifton, Georgia, Beltsville No. 551168, killed last 
week in October 1955: 
a. CL, 972: 31S wash, 1266-6 Ce). cnn ccccunnan 
b. CL 973: 30:87 mash, 2140 e Geoss) occ dexe 
ce. CL 974—-P: 32.93 g ash, 12.2 g Ca..._........ 
d. CL 975-P: 31.45 g ash, 11.9 g Ca 
B. Foreign, Southern Hemisphere: 
1. CL 1130-P: Lamb bones, Montaro Valley, Huan 
Cayo, Peru, collected by Dr. M. Drosdoff, ICA, 
USOM to Peru, Beltsville No. 56475, received May 
23, 1956, 144.2 g ash, 18.43 g Ca 
III, Animal products: 
A. Cheese: 

1. United States: 
a. CL 707—P: Domestic Swiss, Wisconsin, 15 lbs. 
purchased from V. Berg, Chicago, August 25, 
1955, manufactured April 19, 1955, 281.2 g 
atl: OF:0 8 Giese LE eek ees 
b. CL 836: Domestic Miinster, Dodge County, 
Wisconsin, 19.5 lbs. purchased from V. Berg, 
Chicago, November 30, 1955, manufactured 
October 11, 1955, 271.5 g ash, 20.0 g Ca 


ce. CL 838: Domestic Swiss, Green County, Wis- 

consin, 13.75 lbs. purchased from V. Berg, 

Chicago, November 30, 1955, manufactured 

September 2, 1955, 212.5 g ash, 56.4 ¢ Ca 
93299°—57—pt. 1——-41 
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Chicago sunshine results for period Dec. 1, 1955, to Aug. 1, 1956—Continued 


Sunshine units 
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Chicago sunshine results for period Dec. 1, 1955, to Aug. 1, 1956—Continued 


Sample 


III. Animal products—Continued 
A. Cheese—Continued 
1. United States—Continued 


d 


e 


. CL 1036-P: Domestic Minster, Wisconsin, 
17% lbs. purchased from V. Berg, Chicago, 
March 16, 1956, manufactured January 1956, 
W222 ear 1G) Ge WiO ss cs. Sk de atas 

. CL 1038-P: Domestic Swiss, Wisconsin, 18'%4 
lbs. purchased from V. Berg, Chicago, March 
16, 1956, manufactured December 1955, 160.2 
gash, 12.8 ¢ Ca 


2. Foreign, Northern Hemisphere: 


a 


b 


Qa 


@ 


> 


. CL 294-P: Imported Danish Blue, Denmark, 
1914 lbs. purchased from V. Berg, Chicago, 
October 21, 1954, manufactured in April 1954, 
174:56 wan, VO eo sho h. cua 

. CL 708-P: Imported Swiss, Switzerland, 12 
lbs. purchased from V. Berg, Chicago, Au- 
gust 25, 1955, manufactured in February 
1965, 217.52 San; MOU @ ian ot 2055 be ecan 

. CL 839: Imported Swiss, Switzerland, 12.5 Ibs. 
purchased from V. Berg, Chicago, November 
30, 1955, manufactured May 1955, 157.3 g 
BED BOG Oe eit pe es ard 

. CL 1037-P: Imported Swiss, Switzerland, 15 

lbs. purchased from V. Berg, Chicago, March 
16, 1956, manufactured in June 1955, 77.9 g 
OS, 85.) 4 kis cote est Sete once 
CL 849: Imported Danish Blue, Denmark, 
18.25 lbs. purchased from V. Berg, Chicago, 
November 30, 1955, manufactured in July 
1955,. 138.89 ath, 23,6108 Ca- 35 c.lk us 
CL 1035-P: Imported Danish Blue, Denmark, 
184 lbs. purchased from V. Berg, Chicago, 
March 16, 1956, manufactured Fall-Winter, 
1955, 159.1 g ash, 5.44 g Ca 


3. Foreign, Southern Hemisphere: 
a. CL 669-P: Cheddar, Perth, Australia, 2 lbs., 


B. Milk: 


Beltsville No. 55841, received June 20, 1955, 
04:7 8 Sb, 7.09:0 Us coccncasedei ici smesns 


1. Fresh milk from Chicago dairies: 


a. CL 673-P: Bowman Dairy, purchased June 1, 
1955, 43.5: @.0gh, B06 @ Ce. oct seed. ts 

b. CL 701-P: Borden Dairy, purchased August 1, 
1956/6483 eo aah, 130 eal csccccds ns 

ce. CL702-P: Wanzer Dairy, purchased August 1, 
1955; 56.3:a@:ash; Hifi Ca. occu essa su oe 

d. CL 703-P: Bowman Dairy, purchased August 
1, 1966, 7245708 M60, Ieee C8. c= ecko, 

e. CL 746—-P: Bowman Dairy, purchased October 
3, 1955,:S2.7 aah, 2iSe Ges sess eas 

f. CL 747-P: Wanzer Dairy, purchased October 
3; .1906;:67.0'@ anh; 0.8:@ Cao unos. =--~< 

CL 748-P: Borden Dairy, purchased October 

3, 1960, 20:1 ig ash, £60 @ Oe. cen ss os 

CL 749-P: Pure Milk Ass’n., purchased Octo- 
ber 3, 1955, 54.7 g ash, 8.0 g Ca._._..---.-. 

i, CL 826-P: Bowman Dairy, purchased Novem- 
ber 1, 1955, 82.7 g ash, 15.2 g Ca_.._-.-.-. 

j. CL 827-P: Wanzer Dairy, purchased Novem- 
ber 1, 1955, 85.5 g ash, 14.9 g Ca__..--_---. 

k. CL 829-P: Pure Milk Ass’n., purchased Novem- 


ber 9, 1955, 54.2 g ash, 9.2 g Ca........... 


Sunshine wnits 
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Chicago sunshine results for period Dec, 1, 1955, to Aug. 1, 1956—Continued 


Sample Sunshine units 
III. Animal products—Continued 
B. Milk—Continued 
1. Fresh milk from Chicago daries—Continued 
1. CL 869-P: Bowman Dairy, purchased Decem- 
ber 1, 1955, 26.8 g ash, 4.91 g Ca . 35+ . 
m. CL 870-P: Wanzer Dairy, purchased Decem- 


i 

' 

' 

i 

! 

' 

' 

' 

! 

i 
no 
09 
qo 
H- 
—s 
or 


ber 1, 1955, 83.8 g ash, 12.6 g Ca_________- 2.58+ .15 
n. CL 875-P: Pure Milk Ass’n., purchased De- 
cember 7, 1955, 52.8 g ash, 8.40 g Ca____-_- 2.68+ .14 
o. CL 958: Borden Dairy, purchased January 8, 
1956, 79.2 g ash, 11.5 g Ca_____._----__-- 3124 .25 
p. CL 959: Bowman Dairy, purchased January 3, 
1056; 26.8 ag ant; SO 8 Case. 5. et 77+ 14 | 
q. CL 960: Wanzer Dairy, purchased January 3, 
, 1956, 25.8 g ash, 4.07 g Ca_____...-.---- 32+ .1 
) r. CL 967: Pure Milk Ass’n., purchased January 
5, 1956, 55.8 wash, 8:47 @e Caso. cus ck 3.10+ .09 
s. CL 1014: Wanzer Dairy, purchased February 1, 
1956, 21.8.9 ash, 3.69 @ €6. i. co. Beck. 2.80+ .08 
3 t. CL 1015: Bowman Dairy, purchased February 
1, 1956, 27.7 g ash, 4.22 g Ca__._.-....__- 3.64 .2 
u. CL 1016: Borden Dairy, purchased February 1, 
1956; 31.4.9 ash, 6.06.¢ Casi. 2icso 3.40+ .14 
4 v. CL 1017—P: Pure Milk Ass’n., purchased Feb- 
ruary 9, 1956, 9.65 g ash, 1.388 g Ca_______- 2.62+ .17 | 
w. CL 1028-P: Bowman Dairy, purchased March | 
‘ 1, 1956, 399 o ach, B23 o Canc auc. 3.05+ .20 
9 x. CL 1029-P: Wanzer Dairy, purchased March 
1, 1956, 62.8 g ash, 7.94 g Ca____________- 2.454 .13 | 
y. CL 1030-P: Borden Dairy, purchased March 2, 
| 1956, 24.2 g ash, 3.49 g Ca__._.....-.---- 2.99+ . 29 
| z. CL 1031-P: Pure Milk Ass’n., purchased 
March 5, 1956, 52.0 g ash, 7.86 g Ca___-_._ 1.254 .12 
aa. CL 1057—P: Bowman Dairy, purchased April 2, 
19056, 47:2 oe ag: TAS @ Gase liek hese 2.20+ .13 
bb. CL 1058-P: Borden Dairy, purchased April 2, 
1956, $74 9 ash; 6.096 (e602. 48 5... 3. 21+ .18 
ec. CL 1063-P: Pure Milk Ass’n, purchased April 
2, 1956, 40.3 g ash, 6.34 g Ca________.-__-_- 2. 33+. 13 
3 dd. CL 1064—P: Wanzer Dairy, purchased April 2, 
1056, CO-4:o abl, 7.406 Ceci do 2. 61+. 16 | 
ee. CL 1069-P: Wanzer Dairy, purchased May 1, | 
1956, 23.9 g ash, 3.14 g Ca_________-_---_- 2. 234.13 | 
. ff. CL 1070-P: Bowman Dairy, purchased May 1, | 
1956, 69.6'¢ ash, 7.28 g Cacisiis. 2. dee 1. 538+.13 
8 2. Other United States milks: 
a. Interlaboratory check sample, powdered whole, 
7 New York, furnished by Health and Safety 
9 Laboratory, New York Operations Office, 


U. S$. Atomie Energy Commission, processed 
October 29, 1955: | 


10 (1) CL 889-P: 45.2 g ash, 7.12 ¢ Ca___-_.- 244 .2 
(2) CL 890-P: 46.2 g ash, 7.12 g Ca_____-. 26+ .2 
09 (3) CL 891: 33.1 g ash, 6.62 g Ca_.__-__-- 24+ .2 | 
(4) CL 892: 44.3 g ash, 7.68 g Ca_.._..._- 25+ .2 
12 3. Foreign, Southern Hemisphere: 
a. CL 694-P: Powdered skim, Waiton, New Zea- 
08 land, Beltsville No. 551052, manufactured 
February 7, 1955, 88.8 g ash, 17.8 g Ca____- ~ 77+. 07 | 
09 b. CL 693-P: Powdered whole, Waiton, New Zea- | 
land, Beltsville No. 551051, manufactured 
11 February 8, 1955, 51.8 g ash, 11.2 g Ca____- . 70+. 07 
09 


nailer iaiiian 
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Chicago sunshine results for period Dec. 1, 1955, to Aug. 1, 1956—Continued 


Sample Sunshine units 
IV. Botanical: 
A. Chicago Milkshed: Collected by Dr. L. T. Alexander, 
Plant Industry Station, U. 8. Department of Agricul- 
ture, Beltsville, Maryland and Dr. E. A. Martell, En- 
rico Fermi Institute for Nuclear Studies, University of 
Chicago, Chicago, Illinois, September 29 and 30, 1955: 
1. CL 754—-P: Alfalfa, Swanson Farm, (No. 3) Winne- 





bago County, Illinois, 90.6 g ash, 11.4 g Ca______ 13.64 .8 
2. CL 755-P: Alfalfa, Holcomb Farm (No. 4), Rock 
County, Wisconsin, 20.8 g ash, 3.79 g Ca________ 19.2+1.0 
3. CL 750-P: Red clover, Premo Farm (No. 6), Colum- 
bia County, Wisconsin, 119.4 g ash, 20.5 g Ca_____- 25.541.3 
4. CL 752-P: Alfalfa, Kurpeski Farm (No. 7), Me- 
| Henry County, Illinois, 172.2 g ash, 20.4 g Ca____ 7. 05+. 33 
5. CL 757-P: Alfalfa, Austin Farm (No. 8), McHenry 
| County, Illinois, 63.6 g ash, 14.6 g Ca___________ 38. 042.0 
6. CL 751-P: Lidino clover and bromegrass mixture, 
McKee Farm (No. 9), McHenry County, Illinois, 
G2:Garash, TOP Gaus 8.43. Sous eb ck.. 30.541. 7 
i 7. CL 756—-P: Alfalfa, Van Winkle Farm (No. 11), Will 
County, Illinois, 116.1 g ash, 15.3 g Ca_______- 5. 76+. 29 
8. CL 753-P: Alfalfa, Carver Farm (No. 12), Wil 
County, Illinois, 53.2 g ash, 11.2 g Ca___.___-___- 2. 734.18 


B. Other United States: 
1. Interlaboratory check sample, Bermuda grass, Tif- 
ton, Georgia, Beltsville No. 551528, harvested in 
June 1955: 
a. CL 968-P: 124.4 g ash, 4.71 g Ca____...___-- 42.0+1. 
b. ClL:970: AZ44e tak, 450 e Canc. to 2...- 40. 0+2. 
2. Interlaboratory check sample, mixed hay, New York, 
furnished by Dr. L. Alexander, Beltsville No. 
551513, grown during August and September 1955: 
a. CL 847-P: Cornell No. 3, 90.5 gash, 12.0g Ca. 19.74 .8 
b. CL 848-P: Cornell No. 4, 89.7 gash, 12.0gCa. 17.94 .9 
3. Brawley, California: Furnished by Edward Noble, 
Southwestern Irrigation Field Station. Collection 
arrangements made by Dr. Lyle T. Alexander, 
Plant Industry Station, U. 8. Department of Agri- 
culture, Beltsville, Maryland, January 5, 1956: 


oo 


a. CL 1059-P: Lettuce, 57.3 g ash, 2.68 g Ca__-_- 39+. 05 
b. CL 1060—P: Broccoli, 74.4 g ash, 7.90 g Ca___ . 25+. 08 
e. CP 1061—P: Peas, 56.1 g ash, 5.67 g Ca_____- 1. 34+. 08 
d. CL 1062-P: Alfalfa, 49.9 g ash, 5.48 g Ca_____ 2.13+. 22 


V. Soil: All soil samples listed below were obtained by Dr. L. T. 
Alexander and extracted at the Soil Survey Laboratory, U. 
S. Department of Agriculture, Beltsville, Maryland. During 
the Spring of 1956, the Beltsville laboratory discontinued the 
ammonium acetate extraction procedure in favor of electro- 
dialysis extraction. The method of extraction is indicated 
for each sample. Soil Survey Laboratory analyses on these 
samples include the determination of Na, K, Mg, Ca and Sr: 

A. Chicago Milkshed: Collected by Dr. L. Alexander, Soil 

Survey Laboratory, Plant Industry Station, U. S. 

Department of Agriculture, Beltsville, Maryland, and 

Dr. E. A. Martell, Enrico Fermi Institute for Nuclear 

Studies, University of Chicago, Chicago, Illinois, Septem- 

ber 29 and 30, 1955: 

1. CL 1019: Swanson Farm (No. 3), Winnebago 
County, Illinois, Carrington-like silt loam, Belts- 
ville No. 551503, NH,AC extraction of 4 Ibs, soil, 
0-8’’ depth, 20.0 g oxalate, 7.54 g oxide, 5.39 g Ca. 6. 83+. 8 
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Sample 
V. Soil—Continued 
A. Chicago Milkshed—Continued 
2. Holeomb Farm (No. 4), Rock County, Wisconsin, 

Carrington silt loam: 

a. CL 956: Beltsville No. 551500, NH,AC extrac- 
tion of 4 lbs. soil, 0-2’ depth, 12.1 g oxalate, 
O08 B ORs, SOUS UM cicenpeees attendee 

b. CL 957: Beltsville No. 551501, NH,AC extrac- 
tion of 4 lbs. soil, 2-6’’ depth, 12.1 g oxalate, 
C.F: @: GSiiey D. be ii ce iin Reema 

3. CL 1018: Premo Farm (No. 6), Columbia County, 

Wisconsin, Miami silt loam, Beltsville No. 551502, 

NH,AC extraction of 4 Ibs. soil, 0-6’’ depth, 11.25 

g oxalate, 3.94 @ oxide, 2.79 @ Ca... ccc ne 

4. Kurpeski Farm (No. 7), McHenry County, Illinois, 

Miami silt loam: 

a. CL 886: Beltsville No. 551496, Sample A, 
NH,AC extraction of 4 lbs. soil, 0-6 or 7’’ 
depth, 8.51 g oxalate, 3.21 g oxide, 2.24 g Ca_ 

b. CL 887: Beltsville No. 551497, Sample B, 
NH,AC extraction of 4 lbs. soil, 0-6 or 7’ 
depth, 8.90 g oxalate, 3.35 g oxide, 2.36 g Ca__ 

5. Austin Farm (No. 8), McHenry County, Illinois, 

Miami silt loam: 

a. CL 1020: Beltsville No. 551504, NH,AC ex- 
traction of 4 lbs. soil, 0-2’’ depth, 5.71 g 
oxalate, 2.21 ¢ oxide, 1.57.4 Ca............ 

b. CL 1021: Beltsville No. 551505, NH,AC ex- 
traction of 4 lbs. soil, 2-6’ depth, 4.08 g 
oxalate, 1.6 g oxide, 1.19 g Ca_.__...__.-_. 

6. McKee Farm (No. 9) McHenry County, Illinois, 

Drummer silty clay loam: 

a. CL 888: Beltsville No. 551498, NH,AC extrac- 
tion of 4 Ibs. soil, 0-2’’ depth, 30.25 g oxalate, 
D5.) .@ GRIGR, COG Cin 5 ae 

b. CL 955: Beltsville No. 551499, NH,AC extrac- 
tion of 4 lbs. soil, 2-6’’ depth, 30.6 g oxalate, 
TTA og 6seee, "7,00 Se Cee ack eee 

7. Van Winkle Farm (No. 11), Will County, Illinois, 

Plainfield sand: 

a. CL 1022: Beltsville No. 551508, NH,AC extrac- 
tion of 4 lbs. soil, 0-2’’ depth, 4.31 g oxalate, 
3:00 & OG0G..1.80 @ OI oo encase 

b. CL 1023: Beltsville No. 551509, NH,AC extrac- 
tion of 4 lbs. soil, 2-6’’ depth, 2.44 g oxalate, 
0:04. @ 6xitte. O68 Ceo. 3 cu eens 

8. Carver Farm (No. 12), Will County, Illinois, Plain- 
field sand: 

a. CL 1024: Beltsville No. 551510, NH,AC extrac- 
tion of 4 lbs. soil, 0-2’’ depth, 4.43 g oxalate, 
1:70 @ tide. Te BCA. cn se cece 

b. CL 1025: Beltsville No. 551511, NH,AC extrac- 
tion of 4 Ibs. soil, 2-6’ depth, 2.98 g oxalate. 
1.15 g oxide, 0.97 g Ca 

B. Other United States soils: 
1. Interlaboratory check sample, Ithaca, New York, 

September 15, 1955, electrodialysis extraction of 

4 lbs. soil, 0-2’ depth: 

a. CL 1039: Beltsville No. 551186A, 18.28 g 
oxalate, 6.93 g oxide, 4.96 g-Ca___.-_.----. 

b. CL 1040-P: Beltsville No. 551186B, 18.22 g oxa- 
late, 6.84 g oxide, 4.89 g Ca.................- 


Sunshine units 


26. 741.0 


3. 81+. 14 
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Chicago sunshine results for period Dec, 1, 1955, to Aug. 1, 1956—Continued 


Sample Sunshine units 
V. Soil—Continued 
B. Other United States soils—Continued 
2. Interlaboratory check sample, Tifton, Georgia, Nov-"--- ~~~ 
ember 2, 1955, electrodialysis extraction of 4 lbs. 
soil, 0-4’’ depth: 
a. CL 1041-P: Beltsville No. 551523A, 0.698 g 
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oxalate, 0.26 g oxide, 0.186 g Ca___._...... 164.0+12.0 
1 b. CL 1042: Beltsville No. 551523B, 0.59 g oxa- 
late; 'O.22 @ oxide, O00 oe Ca 2. 182+ Zi 


3. CL 1127: Brawley, California, Beltsville No. 56316, 
collected January 5, 1956, electrodialysis extraction 
of 4 lbs. soil, 0-6’’ depth, 16.56 g oxalate, 6.35 g 
ORIG Oe 8 COe eds sae ete ee wees (<8) {5.4 
C. Foreign, Northern Hemisphere: 
1. CL 1065: England, Beltsville No. 54675B, obtained 
by Dr. L. Alexander in July 1954, extracted by 
fusion of a 100 gram subsample of a 4 lb. electro- 
dialyzed soil sample, 0-3’’ depth, 4.15 g oxalate, 
1.59 g oxide, 0.136 g. Ca. (1.2+0.3 dpm Sr-90 total 
RETO GOTO IEG Vane ces eae at me eee ae 4.0+1.0 
2. CL 1095-P: Caleareous, Paris, France, Beltsville 
No. 55614, obtained by Dr. L. Alexander, February 
16, 1955, electrodialysis extraction of 4 Ibs. soil, 
0-4’’ depth, 29.30 g oxalate, 11.06 g oxide, 7.90 
ETM nek akeusasbatek chtkac eee sea Ge 69+ .05 
: 3. CL 881: Italy, Beltsville No. 55772, obtained by Dr. 
L. Alexander, February 5, 1955, NH,AC extraction 
of 4 Ibs. soil, 0-4’’ depth, 43.1 g oxalate, 16.54 g 
a ae ee ie ae 1.64+ .05 
4. CL 882: Turkey, Beltsville No. 55877, obtained by 
Dr. L. Alexander, February 7, 1955, NH,AC extrac- 
tion of 4 lbs. soil, 0-4’’ depth, 44.6 g oxalate, 16.96 
OC OSIGG, De 4a toe oe oe ce wee ew eee eee 1. 28+ .07 
5. CL 883: Turkey, Beltsville No. 551284, obtained by 
Dr. L. Alexander, February 28, 1954, NH,AC ex- 
| traction of 4 lbs. soil, 0-2” depth, 42.8 g oxalate, 
1Go3) @)02t0G, Lid aie oa ee eens 2.444 .13 
6. CL 884: Turkey, Beltsville No. 551285, obtained by 
Dr. L. Alexander, February 28, 1954, NH,AC ex- 
traction of 4 lbs. soil, 0-2’’ depth, 47.5 g oxalate, 
TS: 26dt OSG: Mee elie coc ccc cecs eo cece dkekewn 1.52+ .05 
7. CL 885: Turkey, Beltsville No. 551286, obtained by 
Dr. L. Alexander, February 28, 1954, NH,AC ex- 
traction of 4 Ibs. soil, 0-2’’ depth, 53.9 g oxalate, 
20.04 © ORIN, Ae action cies 1. 29+0. 06 
. CL 1046-P: Calcareous, Kohler Yard, Turkey, 
Beltsville No. 55878A, obtained by Dr. L. Alex- 
ander, February 7, 1955, electrodialysis extraction 
(48-hour period) of 4 lbs. soil, 0-4’’ depth, 17.11 g 
Oxalate, 5.50) OF100 4:72 6 CE in en cee cncn cans 2.4+0. 2 
. CL 1047-P: Calcareous, Kohler Yard Turkey, Belts- 
ville No. 55878B, obtained by Dr. L. Alexander, 
February 7, 1955, electrodialysis extraction (addi- 
tional 24-hour period) of 4 lbs. soil, 0-4’’ depth, 
10.64 g oxalate, 4.03 g oxide, 2.88 g Ca____----_. 1.0140. 12 
10. CL 1094—P: Calcareous, Damascus Syria, Beltsville 
No. 55590, obtained by Dr. L. Alexander, Febru- 
ary 11, 1955, electrodialysis extraction of 4 Ibs. 
soil, 0-4’ depth, 20.30 g oxalate, 7.70 g oxide, 
BOR: wk aan we Samson auetoeanoa teens 1. 40+0. 10 


oo 


© 


1 New result obtained following strontium separation and barium chromate scavenging to remove 
radium activity. 








RADIOACTIVE FALLOUT AND ITS EFFECTS ON MAN 639 


Chicago sunshine results for period Dec. 1, 1955, to Aug. 1, 1956—Continued 


Sample Sunshine units 
V. Soil—Continued 
C, Foreign, Northern Hemisphere—Continued 
11. CL 1048-P: Calcareous, Beirut, Lebanon, Beltsville 
No. 55591A, obtained by Dr. L. Alexander, Febru- 
ary 10, 1955, electrodialysis extraction (48-hour 


0 period) of 4 lbs. soil, 0-4’’ depth, 14.05 g oxalate, 
O00. OF CRs, oO Oe ele aot eae a eee 4.440. 2 
1 12. CL 1049-P: Calcareous, Beirut, Lebanon, Beltsville 


No. 55591B, obtained by Dr. L. Alexander, Febru- 
ary 10, 1955, electrodialysis extraction (additional 
24-hour period) of 4 lbs. soil, 0-4’’ depth, 9.0 g 
4 oxslate, 3.41 # oxide, 9.44 8 Ca. oo eo 1. 2240. 13 
13. CL 1050-P: Calcareous, Terbol, Lebanon, Beltsville 
No. 55592A, obtained by Dr. L. Alexander, Febru- 
ary 10, 1955, electrodialysis extraction (48-hour 
period) of 4 lbs. soil, 0-4’’ depth, 16.68 g oxalate, 


6.31 ¢ oxide, 2.00 fe se eee 2.0440. 13 
14. CL 1051-P: Calcareous, Terbol, Lebanon, Beltsville 
0 No. 55592B, obtained by Dr. L. Alexander, Febru- 


ary 10, 1955, electrodialysis extraction (additional 
24-hour period) of 4 lbs. soil, 0-4’’ depth, 10.32 g 

oxalate, 3.91, # oxide, 2:0 0 Cl sane 1. 56+0. 12 
15. CL 1140—P: Aden, Saudi Arabia, Beltsville No. 55786, 
05 obtained by Dr. L. Alexander, February 1955, 
electrodialysis extraction of 4 lbs. soil, 0-4’’ depth, 

13.99 g oxalate, 5.45 g oxide, 3.69 g Ca_______.._- - 1.02+0. 06 
16. CL 1099-P: Calecareous, Algeria, Beltsville No. 
05 55647, obtained by Dr. L. Alexander, February 
15, 1955, electrodialysis extraction of 4 lbs. soil, 

0Q-4’’ depth, 20.0 g oxalate, 7.57 g oxide, 5.41 gCa_. 1.20+40.08 
17. CL 1100—-P: Calcareous, Algeria, Beltsville No. 
07 55648, obtained by Dr. L. Alexander, February 
15, 1955, electrodialysis extraction of 4 lbs. soil, 
0-4’ depth, 26.75 g oxalate, 10.16 g oxide, 7.26 
g Ca (less 1 g Ca added during last step of electro- 

13 dialysis gna my a ena ac at a re ee 2. 90+0. 20 
| 18. CL 1098-P: Dakar, F. W. Africa, Beltsville No. 
55645, obtained by Dr. L. Alexander, February 
13, 1955, electrodialysis extraction of 4 lbs. soil, 0—-4’’ 


05 depth, 8.66 g oxalate, 3.26 g oxide, 2.33 g Ca (less 

, 1 g Ca added during last step of electrodialysis 
ee eget i oped s ea eats edie et eer 3. 7140. 14 

19. CL 1136-P: Dakar, F. W. Africa, Beltsville No. 

06 55646, obtained by Dr. L. Alexander, February 


14, 1955, electrodialysis extraction of 4 Ibs. soil, 
0-4’’ depth, 4.38 g oxalate, 1.75 g oxide, 1.27 g Ca 
(less 1 g Ca added during last step of electrodialysis 

TCOCIO oi cbse os ecg ho nee ie ee 9. 31+0. 74 
0.2 20. CL 1187-P: Bombay, India, Beltsville No. 55672, 
; obtained by Dr. L. Alexander, February 14, 1955, 
electrodialysis extraction of 4 lbs. soil, 0-4’’ depth, 


29.99 g oxalate, 11.45 g oxide, 8.03 g Ca________- - 40+0. 02 
21. CL 1138-P: Bombay, India, Beltsville No. 55673, 
12 obtained by Dr. L. Alexander, February 14, 1955, 
, electrodialysis extraction of 4 Ibs. soil, 0—4’’ depth, 
35.5 g oxalate, 13.62 g oxide, 9.61 g Ca________-- - 64+0. 05 


bo 
bo 


. CL 1096-P: Tokyo, Japan, Beltsville No. 55643, 
obtained by Dr. L. Alexander, February 10, 1955, 


10 electrodialysis extraction of 4 lbs. soil, 0-4’ depth, 
3 4.997 g oxalate, 1.89 g oxide, 1.35 g Ca___._____- 3. 7440. 34 
nove 23. CL 1097-P: Tokyo, Japan, Beltsville No. 55644, 


obtained by Dr. L. Alexander, February 10, 1955, 
electrodialysis extraction of 4 lbs. soil, 0-4’’ depth, 
§.74 g oxalate, 2.17 g oxide, 1.55 g Ca.._-.-----. 5. 8640. 29 
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Chicago sunshine results for period Dec, 1, 1955, to Aug. 1, 1956—Continued 


Sample 
V. Soils—Continued 

D. Foreign, Southern Hemisphere: 

1. CL 1044—P: Brazil, Beltsville No. 54288, obtained 
by Dr. L. Alexander, March 2, 1954, NH,AC 
extraction of 4 lbs. soil, 0-4’’ depth, 0.32 g oxalate, 
0.12) 6 ocite JC Ug MOO. 52 oan os ea mewe ant 

2. CL 1045-P: Brazil, Beltsville No. 54289, obtained by 

Dr. L. Alexander, March 2, 1954, NH,AC extrae- 

tion of 4 Ibs. soil, 0-4” depth, 0.99 g oxalate, 0.38 g 

ORIG. O06 Rika hese Baers wh ee heen 

. CL 1135-P: Sao Paulo, Brazil, Beltsville No. 56448, 

obtained by Dr. L. Alexander, January 30, 1956, 

electrodialysis extraction of 4 lbs. soil, 0-6” depth, 

7.32 g oxalate, 2.90 g oxide, 1.96 g Ca_____.____- 

. CL 1129: Lima, Peru, Beltsville No. 56456, obtained 
by Dr. L. Alexander, January 9, 1956, electrodialy- 

sis extraction of 4 Ibs. soil, 0-6” depth, 15.57 g 

oxalate, 6.01.9 oxide, 4.29 ¢ Ca... sec as 

5. CL 1128: Antofagasta, Chile, Beltsville No. 56447, 

obtained by Dr. L. Alexander, January 13, 1956, 

electrodialysis extraction of 4 lbs. soil, 0-12'’ depth, 

9.35 g oxalate, 3.58 g oxide, 2.56 g Ca__-__-.-_-. 

. CL 1134-P: Asuncién, Paraguay, Beltsville No. 

56450, obtained by Dr. L. Alexander, January 27, 

1956, electrodialysis extraction of 4 lbs. soil, 0—6’ 

depth, 5.79 g oxalate, 2.42 g oxide, 1.53 g Ca (less 

1 g Ca added during last step of electrodialysis 

ROCHON leit owcelt Paced area mae Hee ene ee = 
ve ch 1139-P: Durban, Natal, 8. Africa, Beltsville No. 
55777, obtained by Dr. L. Alexander, February 15, 
1955, electrodialysis extraction of 4 lbs. soil, 0—4’ 
depth, 6.42 g oxalate, 2.55 g oxide, 1.69 g Ca 
VI. Precipitation: 

A. Chicago, Illinois: Samples were collected in galvanized tubs 
placed on the roof of Jones Chemistry Laboratory, Uni- 
versity of Chicago. For all samples, the equivalent 
precipitation in inches derived from sample volume and 
collection area is given: 

1. CL 290: Rain, 0.264 gal., 0.143’’ equivalent, collected 
October 15, 1954, to October 18, 1954__.--_____- 

2. CL 382: Rain, 1.62 gal., 0.82’’ equivalent, collected 
1645, December 31, 1954, to 0700, January 6, 1955_ 

3. CL 356, 357 and 358: Snow, 0.304 gal., 0.16’’ equiva- 
lent, collected January 25, 1955, to February 3, 
108 35s eae dene ab uit aoc eteas eet < alte & 

4. CL 383: Snow, 1.17 gal., 0.60’’ equivalent, collected 
0400, February 3, 1955, to 1500, February 10, 1955_ 

5. CL 436-P: Rain and hail, 0.526 gal., 0.27’’ equiv- 
alent, collected 1445, March 38, 1955, to 1000, 
Baeren 4, 10005 oo cas ea a wea heehee e 

6. CL 419-P: Rain, 1.53 gal., 0.78’’, collected 1400, 
March 7, 1955, to 1480, March 21, 1955 (‘‘wet” 
SH cco es Ads i ncieessmean eee ode auiee oak 

7. CL 461-P: Rain, 1.04 gal., 0.53’’, collected 1530, 
March 10, 1955, to 0900, March 16, 1955 (‘‘wet” 
WG) 8G oe coe et oe ate eee ee ee ee okee 

8. CL 477-P: Rain and snow, 1.68 gal., 0.86’’, collected 
1530, March 21, 1955, to 1000, April 4, 1955 
RI SMI ae ne ga as bh cree one 

9. CL 592-P: Rain, 1.0 gal., 0.51’ equivalent, collected 
0730, April 21, 1955, to 1715, April 28, 1955___-- 

10. CL 617—P: Rain, 0.098 gal., 0.05’’ equivalent, col- 
lected 1800, April 28, 1955, to 0930, May 13, 1955_ 

11. CL 618-P: Rain, 0.43 gal., 0.22’’ equivalent, col- 
lected 1800, April 28, 1955, to 0930, May 138, 1955 
(covered tub)? 


oo 


rs 


oO 


Sunshine units 


5.3 +2. 


7.1+0. 


1 


7 


3. 0440. 27 


0. 60+0. 04 


0. 44+ 0. 04 


11.340. 


4.43+0. 


dpm/gal 


10.3+0. 
4.8+0. 


21.242. 
5.940. 


29. 6+ 4. 


48.5+3. 


42.242. 


21.0+1. 
42. 042. 
685. 0472. 


193. 04 21. 


a] 


qu 


19 


w 
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Chicago sunshine results for period Dee. 1, 1955, to Aug. 1, 1956—Continued 





Sample Sunshine unite 
VI. Precipitation—Continued | 
A. Chicago, Illinois—Continued | 
12. CL 619-P: Rain, 0.548 gal., 0.28’’, collected 1800, 
April 28, 1955, to 0930, May 13, 1955 (‘“‘wet” 
GUD ts cs ee er eta eee 133. 0+ 9. 
1 13. CL 627-P: Rain, 0.85 gal., 0.43’’ equivalent, col- 
lected 1100, May 13, 195 5, to 1130, May 23, 1955. 106.0+46.0 | 
14. CL 628-P: Rain, 0.90 gal., 0.46’ equivalent, col- 
lected 1100, May 13, 1955, to 1130, May 23, 1955 
7 (CovGrGd Cabs. of 2 Ss ee eee... 78. 045.0 
15. CL 645-P: Rain, 3.48 gal., 1.78’’ equivalent, col- 
lected 1700, May 23, 1955, to 1030, June 6, 1955 


—) 


(Gevered: CHb)*) fo hs ce PER cist 69. 043.0 
ia 16. CL 646-P: Rain, 4.94 gal., 2.52’’, collected 1700, 
May 23, 1955, to 1030, June 6, 1955 (‘“‘wet’’ tub)?_ 44.84+1.6 
17. CL 648-P: Rain, 0.77 gal., 0.39’ equivalent, col- | 
lected 1700, May 23, 1955, to 1030, June 6, 1955_. 270.0+12.0 
)4 18. CL 647-P: Rain, 0.35 gal., 0.18’’ equivalent, col- 
lected 1200, June 6, 1955, to 1245, June 7, 1955___ 22. 0+5. 0 
19. CL 649-P: Rain, 0.37 gal., 0.19’’ equivalent, col- 
lected 1245, June 7, 1955, to 0950, June 9, 1955__ 60.0+3.0 
)4 20. CL 661-P: Rain, 1.12 gal., 0.57’’ equivalent, col- 
lected 0950, June 9, 1955, to 1035, June 10, 1955____ 52.0+3.0 
21. CL 692-P: Rain, 2.38 gal., 1.21’ equivalent, col- 
lected 1200, June 14, 1955, to 1030, July 25, 1955___ 42.0+2.0 
22. CL 705—-P: Rain, 7.16 gal., 3.67’’ equivalent, col- : 
lected 1030, July 25, 1955, to 1400, August 7, 1955__ 2.8+0.2 
15 23. CL 706-P: Rain, 0.435 gal., 0.22’’ equivalent, col- 
lected 1400, August 7, 1955, to 1100, August 22, 
WOES... . 2 cn ewsnee~snenasstoseneeun~=- 30. 5+2.3 
24. CL 727: Rain, 4.29 gal., 0.22’’ equivalent, collected 
19 1100, August 22, 1955, to 0900, August 30, 1955___- 1. 74+0. 10 


25. CL 743-P: Rain, 0.66 gal., 0.34'’ equivalent, col- 
lected 1100, August 30, 1955, to 1350, September 


By. ne se eg an ee eRe as 24.04+1.7 ) 
26. CL 744-P & 745-P: Rain, 2.07 gal., 106” equiva- 
lent, collected 1350, September 21, 1955, to 1458, | 
Sppcamitier 20, IGG. 0 ne cdandnangenhaendane 8.642.0 
I 27. CL 761-P: Rain, 1.97 gal., 1.00’’ equivalent, col- | 
. 3 lected 1458, Se ptember 29, 1955, to 1611, October 
DS Racor len icy ar pn aes eee mace ea eel oe 2.2+0.3 
. 4 28. CL 762-P: Rain, 2.83 gal., 1.44’ equiv alent, col- 
lected 1611, October 5, 1955, to 1033, October 6, 
RGOG  cxcans eakhe es eee ese ee aa eae 5.3+0.5 
» 1 29. CL 763-P: Rain, 3.42 gal., 1.75’’ equivalent, col- 
lected 1033, October 6, 1955, to 1110, October 7, 
. 8 1066) oa eee ont coe ee Se eee eee 4.70+0. 29 


30. CL 771-P: Rain, 1.07 gal., 0.55’ ’ equivalent, col- 
lected 1110, October 7 7, 1955, to 1027, October 12, 

18 WOOO. sis aka a pee aie ee 9. 02+0. 52 
31. CL 772-P: Rain, 1.16 gal., 0.59’’ equivalent, col- 
lected 1027, October 12, 1955, to 1021, October 17, 

3. 0 FOG. og at sch ge eas, 8.4+0.5 
32. CL 799-P: Rain, 0.79 gal., 0.40’’ equivalent, col- 

lected 1021, October 17, 1955, to 0811, October 24, 

2.0 19O0.. <u 3. canna oo et ee 26.541. 5 | 

33. CL 825-P: Rain, 1.04 gal., 0.53’ equivalent, col- 

lected O811, October 24, 1955, to 1010, October 


1. 6 $1, TOD a UR oe, ee 10. 140.5 ) 
34. CL 828-P & 830-P: Rain, 1.84 gal., 0.94’’ equivalent, 
2.0 collected 1010, October 31, 1955, to 1030, November 
UE, ROU nreco ee ee ee ae ae 21.0+1.0 
2.0 35. CL 831-P: Snow, 0.535 gal., 0.27’’ equivalent, col- 
lected 1030, November 17, 1955, to 0949, November i 
a Bh, FOGG So caticmcient eee dbun en pda aie 22.3410 ) 


® See discussion, Test of Rain Collection Method (p. 622). 
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Chicago sunshine results for period Dec, 1, 1955, to Aug. 1, 1956—Continued 


Sample Sunshine units 
VI. Precipitation—Continued 
A, Chicago, Illinois—Continued 
36. CL 837-P: Rain, 0.147 gal., 0.075’’ equivalent, col- 
lected 0949, November 21, 1955, to 0920, November 
26) APO nb Sota ae aene lS eacte da ces aeeom 36.044. 7 
87. CL 840-P: Snow, 0.122 gal., 0.062’’ equivalent, col- 
lected 0920, November 23, 1955, to 1055, November 
DG, MOR Bia Gin cds SO AG a Laie eles Ate aera aS 11.742.7 
38. CL 871-P: Snow, 0.116 gal., 0.059’’ equivalent, col- 
lected 1055, November 28, 1955, to 1100, December 
1; IO Bia eats a ald ote Giada a ee ae 28.643. 4 
39. CL 872-P: Snow, 0.31 gal., 0.16’ equivalent, col- 
lected 1100, December 2, 1955, to 1120, December 
Be SB i SORES a at eh aes ren SS ae 19.0+1.4 
| 40. CL 954—-P: Snow, 0.15 gal., 0.077’’ equivalent, col- 
lected 1120, December 5, 1955, to 0800, December 
| Bis NOR Re il ore ae ie es re et a 53. 0+7. 0 
41. CL 976-P: Snow, 0.082 gal., 0.042’’ equivalent, col- 
lected 0800, December 21, 1955, to 1115, January 
AG GGG cca S402 2k ic Sie See tt ss eee 440. 0+ 25. 0 
B. Insoluble residue from Chicago rains: 
1. Insoluble residue from rain, CL 320: 1.82 gal., 0.930’’ 
equivalent, collected December 24, 1954, to Decem- 
ber 27, 1954. The filtered insoluble residue was 
fused with sodium carbonate before assay: 
Total Sr—-90 activity insoluble residue: <0.6 dpm, 
Total Sr—-90 activity in solution: 49.2+0.5 dpm. 
2. Insoluble residue from rain, CL 407 and 408: 0.71 gal., 
0.36’’ equivalent, collected February 18, 1955, to 
0900, February 21, 1955. The filtered insoluble 
residue was fused with sodium carbonate before 
assay: 
— Sr-90 activity insoluble residue: 0.7+0.1 
pm. 
Total Sr-90 activity in solution: 29.94+1.5 dpm. 
C. Washington, Dz. C.: Collected at the Naval Research Lab- 
oratory. Samples were taken by direct fall into galva- 
nized calen on the roof of one of the NRL buildings. The 
orecipitation in inches is that reported by the local 
hid seg Bureau station for the period of sample col- 
ection: 
1. CL 790: Rain, 2.40 gal., 0.61’’, collected 2000, April 
11, 1055, 40'0400.. April 12,.1956..0. 2. oc e . 34.341. 4 
CL 791-P: Rain, 2.92 gal., 0.68’’, collected 0030 to 
Poe YE | oe’. eee 25. 643.5 
CL 792: Rain, 0.845 gal., 0.21’’, collected 2315 to 
SAGO. (ANTS 100. = 2. cece eben eens = 39.0+1.7 
. CL 793-P: Rain, 1.60 gal., 0.23’’, collected 2100, 
April 21, 1955, to 0245, April Ry, Rep heee = 46.742. 2 
. CL 794: Rain, 0.697 gal. 0.21'’, collected 0415, 
April 24, 1955, to 0300, April | 195.0+4. 3 
CL 795-P: Rain, 2.30 gal., 0.39’’, collected 1500, 
April 25, 1955, to 0700, April 26, 1955__________- 15. 5+0. 6 
CL 797: Rain, 0.771 gal., 0.19’’, collected 1630 to 
S030. WEA W Ge AOU ei 22 8 nas eee aces 112.94+2.0 
8. CL 798-P: Rain, 1.17 gal., 0.29’’, collected 1245 to 
FADE OAR es NOOO scum Jaga Saute Pee 1. 92+0. 22 
D. Pittsburgh, Pennsylvania: Collected by - Nuclear 
Science and Engineering Corporation. Samples were 
taken by direct fall into galvanized tubs on the roof of 
the laboratory building. The precipitation in inches is 
that reported by the local Weather Bureau station for 
the period of sample collection: 
1. CL 876-P: Rain, PL-20-RW, 2.47 gal., 0.48’’, col- 
lected 1200, July 10, 1955, to 1000, July 19, 1955_. 16.641.5 





i eS 





1.5 
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Chicago sunshine results for period Dec. 1, 1955, to Aug. 1, 1956—Continued 


Sample 


VI. Precipitation—Continued 
E. Pittsburgh, Pennsylvania—Continued 
2. CL 877-P: Rain, PL-21-RW, 5.70 gal., 0.65’’, col- 


a - Ww 


18. 


19. 


20. 


21, 


lected 1000, July 19, 1955, to 1100, July 25, 1955. 


. CL 878-P: Rain, PL-22-RW, 4.40 gal., 0.60’’, col- 


lected 1100, July 25, 1955, to 0900, July 28, 1955_ 


. CL 879-P: Rain, PL-23-RW, 1.98 gal., 0.18’’, col- 


lected 0900, July 28, 1955, to 1000, August 6, 1955_ 


. CL 961-P: Rain, PL-24-RW, 0.86 gal., 0.18’’, col- 


lected 1000, August 6, 1955, to 1500, August 8, 
1955 


. CL 962-P: Rain, PL-25-RW, 4.91 gal., 1.98’’, col- 


lected 1500, August 8, 1955, to 1630, August 11, 
RII Sis aiain 9:5'sncaihln cits Shik thir oldies ta nA nies Genial dain 


. CL 982-P: Rain, PL-26-RW, 7.6 gal., 2.24’’, col- 


lected 1630, August 11, 1955, to 1080, August 16, 
OG os sondern aaa a hte aindaral aaidtach eae 


. CL 983-P: Rain, PL-27-RW, 4.0 gal., 1.71’’, col- 


lected 1030, August 16, 1955, to 1700, August 23, 
1955 


. CL 963-P: Rain, PL-28-RW, 0.395 gal., 0.66’’, col- 


lected 1700, August 23, 1955, to 1600, August 31, 


1086 sacs Coa Rea moO ee a ee ratte 


. CL 964-P: Rain, PL-29-RW, 4.4 gal., 1.84’’, col- 


lected 1600, August 31, 1955, to September 28, 
FOG ov cnwiacaneteetoks teat cheamiteeeenw 


. CL 965-P: Rain, PL-30-RW, 2.0 gal., 0.76’’, col- 


lected September 28, 1955, to October 10, 1955__- 


. CL 966-P: Rain, PL-31-RW, 3.9 gal., 1.32’’, col- 


lected October 10, 1955, to October 18, 1955 


. CL 984—P: Rain, PL-32-RW, 0.465 gal., 0.09’’, col- 


lected October 18, 1955, to October 20, 1955 


. CL 985-P: Rain, PL-33-RW, 1.14 gal., 0.42’’, col- 


lected October 20, 1955, to 1615, October 24, 1955_- 


. CL 986-P: Rain, PL-34-RW, 0.508 gal., 0.28’’, col- 


lected 1615, October 24, 1955, to 1700, October 29, 


DOO sts en hea ics car eed a Ml cag ss 


. CL 987—P: Rain, PL-35-RW, 0.715 gal., 0.40’’, col- 


lected 1700, October 29, 1955, to 0845, October 31, 
WON Giid bitin ncn cncscno manana saae ee aan 


. CL 988-P: Rain, PL-36-RW, 0.465 gal., 0.31’, col- 


lected 0845, October 31, 1955, to 1630, November 
92; LUG0. 6k occas cami ead 
CL 989-P: Rain, PL-37-RW, 0.402 gal., 0.08’’, col- 
lected 1630, November 12, 1955, to 1630, Novem- 
Re er ae ee Te Se 
CL 990-P: Rain, PL-38-RW, 6.18 gal., 2.25’’, col 
lected 1630, November 14, 1955, to 1100, November 
Sa WII won is en kus hs oe each nc ea igen alae ee 
CL 1032—P: Rain, PL-39-RW, 2.06 gal., 0.35’’, col- 
lected 1100, November 21, 1955, to 1400, Decem- 
De? 6, 19G0is so enacancncnanaees eb enen 
CL 991—P: Rain, PL- 40- RW, 0.0238 gal., 0.07’’, col- 
lected 1400, December 3, 1955, to 1400, Dece mber 
T4, 1955 


. CL 1033-P: Rain, PL-41-RW, 0.025 gal., 0.05’’, col- 


lected 1400, December 14, 1955, to 1400, Decem- 
ber 24, 19: 55 


3. CL 1066-P: Rain, PL- 42- RW, 4.34 gal., 2.63’’, col- 


lected 1400, December 24, 1955, to 1600, February 
3, 1956 


4. CL 1088-P: Rain, PL-43-RW, 6.05 gal., 2.10’’, col- 


lected 1600, February 3, 1956, to 1000, February id. 
1956 


. CL 1089-P: Rain, PL—-44-RW, 4.10 gal., 2.95’’, col- 


lected 1000, February 13, 1956, to 1400, February 
27, 1956 


Sunshine unite 


18.841.4 
8.2+0.5 
8. 741.0 


10.8+1.0 


5. 5540. 32 


31.0 +3.0 


83. 0+ 5. 0 


31.642. 6 


9. 7540. 59 
10.7+0. 6 
14.2+0.6 
34.0+1.6 
16.1408 


50. 542.5 


38. 4+1.9 


60. 042.9 


22.6414 


4.43+0. 19 


17.0 +1.0 


319. 0+ 24. 0 


520. 0+ 60. 0 


29. 043. 0 


1€.9+1.3 


32. 2+1.9 
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Chicago sunshine results for period Dec. 1, 1955, to Aug. 1, 1956—Continued 


Sample Sunshine units 
VI. Precipitation—Continued 
D. Pittsburgh, Pennsylvania—Continued 
26. CL 1090-P: Rain, PL-45-RW, 4.55 gal., 0.76’’, col- 
lected 1400, February 27, 1956, to March 6, 1956__ 52.043. 0 
27. CL 1091-P: Rain, PL-46-RW, 6.60 gal., 3.13’’, col- 
lected 1800, March 6, 1956 to 1200, March 24, 1956_ 28. 0+2.0 
28. CL 1092-P: Rain, PL-47-RW, 2.55 gal., 1.21’’, col- 
lected 1200, March 24, 1956, to 1000, April 1, 1956_ 47.0+4.0 
VII. Water other than precipitation: 
A. CL 1093-P: Tapwater, PL-51-TW, 13.2 gal., Pittsburgh, 
Pennsylvania, collected by Nuclear Science and Engi- 
neering Corporation, March 2, 1956, to March 13, 1956__ 1, 33+. 14 
B. CL 732: Sea water, surface sample, 40 liters, Atlantic 
Ocean, collected at 48°49’ N., 48°07’ W., by U. S. Coast 
Guard, Station 5844, April 28, 1955 (depth of thermo- 
cline —100 meters): 
Total Sr-90 Activity: 4.3+0.3 dpm. 
VIII. Air concentration: Air filter samples provided by Mr. TI. H. Blifford, Naval 
Research Laboratory, Washington, D. C. Collections were made on 
Army Chemical Corps Type V filters of 200 square inch area and of 
heavy asbestos fiber composition. 
A. Sr-90 Surface Air Concentration, Washington, D. C. 


























CLNo. Collection period Volume | DPM Sr-90/10° ft’ 

(ft? x 10-*) 
BTS ac cccpewdetenucst Dees te SS ko se ete | 4.5 18.6+ 0.7 
Es iiccwcucaeaan 5 AI Si SR ere 1.7 41.1+ 3.0 
OT hh onc chchens Ca a ag a 3.4 30.54 1.1 
eae eee Ta SR ak aca ns cece nk ctateees 3.4 70. 0412.0 
OO eo eka ee pL SSE Ee ee ERs 2. 92 91. 0+ 7.0 
SES ae eee Coa. OL eS aa eee ae 2.6 6.4+ 0.2 
TRE OS PO TO 1.7 125.04 5.0 
Oa eet and Re TOS Tn acd Seco 3.4 258. 0+ 6.0 
SF SRR. ee ee ae ee ree 1.95 65.54 4.6 
RE 2 i ccecedean MIG NT U os he ea otae ncemete 3.7 11.0+ 0.5 
ON as icin eae | Apr. 17-19, 1954____... 2.8 20. 7+ 0.6 
UN Sil tains cua oawineboen. | Apr. 20-May 1, 1954... 3.0 32. 2+ 2.6 
OUR ie ce ly Bs SINUS re Ss SS a 2. 33 210. 0412.0 
TP ence Wa OT UE GON oa a ee 2.76 31.34 2.2 
Ws ne eee Sy Ra a 2. 59 120. 0+ 7.0 
es oe eee May A SiGe ee at 2.61 216. 0+11.0 
OO 8 ea OS EE 3. 80 133. 0+ 7.0 
Py on ee 1 amen iB ena sos Be ip eee 2. 90 68.3+ 4.1 
W062. sos ccenates Pe BET EE i as dina ch sng anhadignaanseee 4.45 79. 0+ 6.0 
Oa eae Sant 20-06, TOUR so eS 3.7 51.0+ 3.0 
PS teed I AR IO Na a 1.88 | 47.04 2.4 
ee so aes ee ee rr ee rare 2. 56 73.54 5.2 
SS a ET 5 S SUE SO TNs ces 2s xno canadien eckwoeee 3. 66 48.0+ 3.9 
DOE ai gbnticcevmnae’ July 30-Aug. 2, 195 2.95 200. 0+10. 0 
ON 2s ele | Aug. 2-7, 19 5.41 59.0+ 5.0 
ce areas | Aug. 7- 2. 92 210. 0413. 0 
1. 82 380. 0425.0 
3. 39 112.04 7.0 
¢ 3. 56 104.04 6.0 
W6-P ns ota eee Oat 1G BONN rs Pea caceceece 2. 69 198. 0414. 0 
OF Re Fee ccc ere DM I NON ame far 5 Bids nose idee meee 2. 26 251. 0417.0 
Een centn Sa Soe BE eee et ea eer 2.9 120.0+ 7.0 
at SD Ree eae a cae SOV c Fees SEs. aimee desonneaidesabawabaled 1.15 225. 04-14. 0 
00 P  aee rw Pi OO eS oe a ss ee 1. 28 175.0+10. 0 
OP. ae eel Bae rt NR nn atcad res eeeenitlians cat te 1. 96 194. 0411.0 
OTP oon ioe cdi inn Ge, Bo PON ea cece caectaae se 1.6 103.0+ 4.0 
Wi A A ee ans 0 ee ee ee ee 1. 26 281.0+ 6.0 
eo pecs eee | Feb. 5-6, 195! 1:7 127. 0+ 5.0 
Sipe | Feb. 10-12, 1! 2.9 241. 0+10.0 
ES | Feb, 17-18, 1955 1. 51 191.0411.0 
Le rar | Feb, 22-23, 1955 1.41 202. 0411.0 
WP nance eenn RE PE ORS seins boon wcadeaawebaeocee 1, 76 270. 013. 0 
EEE: OS RT AIRE Te OA 1. 54 394. 020. 0 
REP aL ere borg? s > arena arsrorions 1.07 267. 0-£16. 0 
Fe Da a a 1. 62 310. 0415.0 
RAP so a RM ONE SORE Se ok a ee 2. 27 98. 0+ 7.0 
Oe so ee UR ce 1.74 393. 020. 0 
Se a ienckc een Bee ee ee ee ee 1.80 24.0+ 5.0 
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Chicago sunshine results for period Dec. 1, 1955, to Aug. 1, 1956—Continued 


VII. Air concentration—Continued 
A. Sr-90 Surface Air Concentration, Washington, D. C.—Continued 


















CL No. Collection period Volume | DPM Sr-90/10° ft’ 
(ft? x 10-*) 
ine: G5, TOR csciinvcecscuens ouaewecbelbaalies 1. 32 84.0+ 4.0 
Apr. 11-12, 1955 1. 93 71. 54 3.3 
Apr. 18-19, 1955 2. 27 85. 0+ 6.0 
Apr. 25-26, 1955 1.82 22. 5+ 1.4 
We OF Bris ccccccacsccateseaeaaieed 1.34 709. 0452. 0 
May 10-11, 1955. 1&4 265. 0412.0 
May 17-18, 1955. 1. 37 478. 0416. 0 
DERF DE-Biy, (00 Oso nis aicssenswacsnddieviatedded 1. 69 755. 0433. 0 
June 16-17, 1955 1.43 710. 0440. 0 
DEE GE, Tile ccnssccscnddtesstetitenctiiaaion 3.0 300. 0+20. 0 
Aug. 12-16, 1955 4. 51 49.6+ 40 
Aug. 19-22, 1955 3.5 124.04 6.0 
Aug. 26-29, 1955 3.6 226. 016. 0 
Sept. 26-27, 1955 1. 53 158.0+ 9.0 
| Sept. 29-30, 1955 1. 69 124.04 8.0 





B. Sr-90 Surface Air Concentration, Foreign Locations: There is consid- 


erable uncertainty in the air volumes of samples collected at Kodiak, 
Alaska, Port Lyautey, French Morocco, and Yokosuka, Japan, because 
the flow rate is not directly recorded. For the earliest reports of air 
filter data for these three locations, the rated flow rate times the total 
collection period was taken as the collected air volume. Because the 
flow rate falls off substantially as dust accumulates on the filter, those 
samples were overestimated in volume and thus the reported air con- 
centration data were too low. It is considered that a better estimate 
of their air volume is provided by the average Washington, D. C, 
volumes for equivalent collection periods. On this basis, the relative 
air concentration data should be considerably improved, although their 
absolute value may be in error by as much as 50 percent or so. All 
the earlier reported air filter data for Kodiak, Port Lyautey, and 
Yokosuka have been estimated on this basis, and the new results are 
presented below. 
1. KODIAK, ALASKA 


















CL No. Collection period Volume | DPM Sr-90/10* ft? 
(ft? X 10-) 

| May 27-June 3, 1952,.....-------.--e0see-e-e-- ~4.4 ~4.8 
June 5-July 1, 1952 ~4.5 ~6.7 
SOE TEAST: Seis sc acetenes ideation ~4.3 ~9.5 
SURG C-10, FORE wvetwascebhecnskccyscincnschh ~4.4 1.8 
necsconescnucwacsal OU Dae NOiicc 5s once deetases cided kebeie | ~4.2 ~4.9 
| Aug. 29-Sept. 4, 1952 ~A.2 ~1L1 
BOS. Seay SOU oo <Betoasahsnccbdaacusunnaen ~4.2 ~1.1 
RES Diy Biinciccicascinsanescsnsasdbiaetics ~4.2 ~1.0 
Oct. 23-30, 1952_....... ~4.2 0. 70. 2 
| Nov. 18-23, 1953__.._.- ~4,2 ~50 
5, Pn ne ee eee ~4.3 ~27 
Feb, 15-18, 1954... ~3.6 ~2.2 
1 Bel. 3B-O SOd ichabecariddcdcsctiabatacsaseya ~4.0 ~10 
DE O8 BB, Bikini ichnnccitinna tbe aanate ~4.2 ~36 
f Seen Re. MUNG ects wenautbuamaacienscetninnee ~4.4 ~6l 
S Re FPA, Seis icsccusdsistcisuebabiueaaad ~4.4 ~48 
SUNSET, WIE 5d is. aici cotta dimabeiain ~4.4 ~9 
July 19-26, 1954_... ~4.4 ~3l 
Sept. 24-26, 1954... ~3.0 ~35 
Oct. 15-18, 1954__.- ~3.6 ~6.1 
Oct. 30-Nov. 1, 1954............ ~3.0 ~2l 
OU. ts Be cackiecuiiceenennwisiidamensieen ~3.0 ~17 
Ge ey a st see ngs hea oaemeaieaemeeeaton ~1.9 ~180 
Dee. 16-19, 1954... ~3.6 ~74 
DT ee ae ee ~1.9 ~240 
UD ie NN a a inate ~1.9 ~230 
SO. os WO nd hcadins, ~3.0 ~7l1 
BPS 1-GG BOO. sccaneceuundn ~3.0 ~200 
eS 2)! eS ew ~3.0 ~62 
Sane 20-Faky 1. TOGb.. cnacaccindcsdvutiotaned ad ~1.9 ~180 

Aug. 5-7, 195: ~3.0 ~ 





Sept. 1-3, 1955 


— ———————————————————————E———————EEEE————— eS 
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Chicago sunshine results for period Dec. 1, 1955, to Aug. 1, 1956—Continued 


VIII. Air concentration—Continued 
B. Si-90 Surface Air Concentration—Continued 


2. PORT LYAUTEY, FRENCH MOROCCO 




















I ii isteitaccettipiasrinceacata Ts BOs icineai detainee lecentsincntibtgddicancuaidtisas -~3.0 ~14 
ees EE SEO, CE snk ehemacinemakmibebiekatnd ~3.0 ~M 
WG eee POEe Se G WO cckkksteddcncaiucanedhandovanck ~3.6 n~15 
IN a ee Sept. 30-Oct. DFE Asstaddndoduenmednaeeihe ~1.9 ~22 
Ne cc cukenhl IOV, Ce csnnkesbscnrcnusaininghndeonie ~4.4 ~26 
a a f POY, EONS ach eiccaccannuuddcuwossaeleceuk ~1.9 ~140 
Baie See <n ees BNP aOR a ae ene cenggas cee: ~1.9 ~180 
eS ee eae NGS Sh RE cs ds gistanckcvakueutvuxss E ~1.9 ~200 
BOOP Sie oe eal | Jan. 4-6, 1955....-..-- ~3.0 ~58 
| Feb. 28-Mar. 2, 1955. ~3.0 ~500 
oe WES MEAIB fg ee oe foo as Coe a ~3.0 ~390 
Ee ISS eal Me) WGN MOOR on cock cha cekuwikeeccocasceestol ~3.0 ~280 
Wes 1 7 ae | May Sa NON sg oie cuca deh cee cates ~3.0 ~110 
/ _ ear A, O-O, ARO wm she nccansdccndevsieanpocaacanos ~3.0 ~390 
MRS ogo Mie NOTSAOER Soe cee eck cec reser tee ~3.0 ~590 
ETE ENS "<a pare L sees ~3.0 ~640 
eee es May 18d Wisc cccccicccignacisndeessece 2 ~3.0 ~150 
.-| May 31-June 2, 1955_. ae ~3.0 ~1300 
| June 14-16, 1955 Sa A ie Se ak ~3.0 ~310 
| PUG DO- DOSE TOR ai cetnacetsontowceenge ~3.0 ~130 

3. YOKOSUKA, JAPAN 
ety d septs i eit Wily: Babs GO so tok Sissi sees ~3.0 ~150 
~ecess| Mar. 1-3, 1955..... ~3.0 ~200 
aioe Apr. 1-3, 1955_...- S ~3.0 ~12 
--.---| May 1-3, 1955_.... is ~3.0 ~270 
ppbbaslennbideseale Sead 06 WS. ire. Sree oes + ~3.0 ~110 
ee As ila al et I rel Bens one oman amcied mae ~3.0 ~1l4 
Ot. 2 ccc eee Sere ee ee ~3.0 ~170 
OFFS. 3 ick ee BES aS Paes Ee ee ~3.0 ~12 
OMe 6 te. eS eee eee ~3.0 ~7 


Chicago sunshine results, final list (originally submitted to the Divisions of Biology 
and Medicine, USAEC, in letter report of August 3, 1956) 


Sample Sunshine units 
I. Human bone: In all cases, date given corresponds to date of 
death or post mortem: 
A. United States: Furnished by Dr. Shields Warren, Cancer 
Research Institute, New England Deaconess Hospital, 
Boston, Massachusetts: 
1. CL 873-P: Combination of 2 samples, age range 65-67 
Peers, 140 0 aan, 0O.0 BOR. oe ooo cence nok s= 0. 026+ 0. 005 
a. No. 160739, 67 yrs., April 20, 1955, Massachu- 
setts, tibia and fibula. 
b. No. 161622, 65 yrs., May 25, 1955, Massachu- 
setts, femur. 
2. CL 874—P: Combination of 3 samples, age range 71-78 
Fears, GOO. e Ben 121.0 © CE. -. ocd oe ewes wcaes 0. 020 +0. 005 
a. No. 161208, 71 yrs., May 10, 1955, Massachu- 
setts, femur and tibia shanks. 
b. No. 161205, 72 yrs., May 10, 1955, Massachu- 
setts, femur and tibia shanks. 
ec. No. 161526, 78 yrs., May 21, 1955, Massachu- 
setts, femur and tibia shanks. 
3. CL 1159-P: Age 51 years, New York, No. 162471, 
July 5, 1955, left tibia, 66.5 g ash, 5.85 g Ca______ 2. 26+0. 16 
4. CL 1154-P: Age 13 years, W. Buxton, Maine, A-56- 
13, January 16, 1956, rib and vertebral fragments, 
T7002 anh, 6666 CO occcicewecc ged dc sencss 0. 14+0. 01 
5. CL 1146-P: Age 2%2 years, Lewiston, Maine, A-56- 
16, January 18, 1956, rib and vertebral fragments, 
8.86 g ash, 3. 32 Be ccs ow bb escdb dees ee denew 0. 54+0. 05 
6. CL 1155-P: Age 13%. years, Norfolk, Massachu- 
setts, A-56-20, January 26, 1956, rib and vertebral 
fragments, 19.35 g ash, 7.47 i Ni iss dccmimcnsiicibinalshiete - 0.3640. 03 
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Chicago sunshine results, final list (originally submitted to the Divisions of 
Biology and Medicine, USAEC, in letter report of August 8, 1956)—Con. 


Sample 


I, Human bone—Continued 
A. United States—Continued 


7. 


10. 


11. 


13. 


14, 


15. 


16. 


Bi sere eee 


CL 1151-P: Combination of 2 samples, age range 

7-10 years, 19.34 g ash, 6.62 g Ca_____..__--___- 

a. A-56-41, 7%2 yrs. Feb. 22, 1956, Concord, 
Massachusetts, rib and vertebral fragments. 

b. A-56-26, 9'%2 yrs., Feb. 3, 1956, Brighton, 
Massachusetts, rib and vertebral fragments. 


. CL 1147-P: Combination of 2 samples, age range 


3—4 years, 14.34 g ash, 5.15 g Ca.............--- 

a. A-56-25, 3%2 yrs., Feb. 3, 1956, Norwood, 
Massachusetts, vertebral fragments. 

b. A-56-46, 3'%2 yrs., Feb. 23, 1956, Needham, 
Massachusetts, vertebral fragments. 


. CL 1141-P: Combination of 2 samples, age range 


3-6 days; 9.96. ¢ ash; 3.78. 9 Cac 2. siscicU..- = 
a. A-56-43, 3 days, Feb. 23, 1956, Boston, Massa- 
chusetts, rib and vertebral fragments. 
b. A-56-35, 6 days, Feb. 16, 1956, Lynn, Massa- 
chusetts, rib and vertebral fragments. 
CL 1150-P: Combination of 2 samples, age range 
7-74 years, 24.8 g ash, 8.23 g Ca_____._...----- 
a. A-56-51, 7%2 yrs., Feb. 29, 1956, Oanton, 
Massachusetts, rib and vertebral fragments. 
b. Barbara Mann, 7% yrs., early 1956, Wallingford, 
Connecticut, rib and vertebral fragments. 
CL 1145-P: Combination of 3 samples, age range 
1 to 2%2 years, 21.65 g ash, 9.29 g Ca_____.--__- 
a. A-56-37, 1%. yrs., Feb. 17, 1956, Warrick, 
Rhode Island, scalp, rib and vertebral fragments. 
b. A-56—64, 1542 yrs., March 10, 1956, North Adams, 
Massachusetts, scalp, riband vertebral fragments. 
ec. A-56-31, 2%e2 yrs., early 1956, Natick, Massa- 
chusetts, scalp, rib and vertebral fragments. 


. CL 1148-P: Combination of 2 samples, age range 


4 to 4%e years, 18.08 g ash, 5.83 g Ca_____-_-__- 
a. A-56-40, 4 yrs., Feb. 19, 1956, Massachusetts, 
rib and vertebral fragments. 
b. A-56-75, 4%{2 yrs., March 26, 1956, Hyannis, 
Massachusetts, rib and vertebral fragments. 
CL 1143-P: Combination of 2 samples, age range 
5 weeks to 5 months, 12.11 g ash, 4.17 g Ca___ 
a. A-56-71, 5 wks., March 20, 1956, Humarock, 
Massachusetts, scalp, rib and vertebral frag- 
ments. 
b. A-56-47, 5 mo., Feb. 25, 1956, Waltham, Massa- 
chusetts, scalp, rib and vertebral fragments. 
CL 1149-P: Combination of 3 samples, age range 
416-7 years, 29.1 g ash, 10.92 g Ca_________---- 
a. A-56-49, 4542 yrs., Feb. 29, 1956, Burlington, 
Vermont, rib and vertebral fragments. 
A-56-89, 5!%» yrs., Apr. 17, 1956, Fair Haven, 
Vermont, rib and vertebral fragments. 
ce. A-—56—-27, 6'\%2 yrs., Feb. 3, 1956, Barre, Vermont, 
rib and vetebral fragments. 
CL 1142—P: Combination of 2 samples, age range 7-9 
days, '6:42\ 9 ath, Z20'e Cen }.c Si esetisde 
a. A-—56—54, 7 days, March 3, 1956, Brockton, Mas- 
sachusetts, rib and vertebral fragments. 
b. A-56-60, 9 days, March 7, 1956, Newton, Massa- 
chusetts, rib and vertebral fragments. 
CL 1158-P: Age 3%i2 years, New Orleans, Louisia _ 
A-56-57, March 5, 1956, vertebral fragments, 4.21 
g ash, 2. 41 g Ca 


Sunshine units 


0. 14+0. 02 


0. 3240. 03 


0. 5440. 05 


0. 095+0. 011 


0. 96 +0. 07 


0.17+0. 01 


1.1340. 12 


0. 2140. 03 


0. 4740. 04 


0. 2940. 04 
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Chicago sunshine results, final list (originally submitted to the Divisions of 
Biology and Medicine, USAEC, in letter report of August 3, 1956)—Con. 


Sample Sunshine units 
I. Human bone—Continued 
A. United States—Continued 
17. CL 1157—P: Age 19 years, Woonsocket, Rhode Island, 
A-56-61, March 8, 1956, rib and vertebral frag- 


eS 


ments, 25.4 MAN, Wie we Sees 220k ee. a 0. 060+ 0. 009 
18. CL 1144-P: Combination of 2 samples, age range 
6-7 months, 19.15 g ash, 7.15 g Ca__.._.______. 0. 6040. 05 


a. A—-56-87, 6 mo., Apr. 13, 1956, Newport, Rhode 
Island, scalp, "rib and vertebral fragments. 
b. A-56-56, 7 mo., March 5, 1956, Boston, Massa- 
chusetts, scalp, rib and vertebral fragments. 
19. CL 1153-P: Combination of 3 samples, age range 
12-13 years, 37.5 g@ ash, 13:85 ¢ Ca... ....._... 0. 051 +40. 006 
a. Donna Rice, 12 yrs., early 1956, Athol, Massa- 
chusetts, rib and vertebral fragments. 
b. A-56-95, 12%2 yrs., Apr. 23, 1956, Haverhill, 
as rib and vertebral fragments. 
e. A-56—-59, 13 yrs., March 7, 1956, Boston, Massa- 
aaa rib and vertebral fragments. 
20. CL 1156-P: Combination of 2 samples, age range 
14-15 years, 39.0 g ash, 14.7 g Ca________-____- 0. 056+0. 008 
a. A-56-94, 1432 yrs., Apr. 24, 1956, Whitinsville, 
Massachusetts, rib and vertebral fragments. 
b. A-56-65, 15 yrs., March 138, 1956, Greenwood, 
Massachusetts, rib and vertebral fragments. 
20. CL 1152-P: Combination of 2 samples, age range 
1013-11% years, 24.5 g ash, 9.03 g Ca__________- 0. 14+0. 02 
a. A-56-80, 1052 yrs., Apr. 2, 1956, Norwich, Con- 
necticut, rib, sternum and vertebral fragments. 
b. A-56-84, 11%2 yrs., Apr. 6, 1956, Norwood, 
Massachusetts, rib, sternum and vertebral 
fragments. 
B. Foreign: 
1. CL 765-P: Age 56 years, Felixlandia, Minas Gerais, 
Brazil, furnished by Dr. Jairo Camara, Depart- 
amento de Anatomia, Faculdade de Medicina, 
Universidade de Minas Gerais, Belo Horizonte, { 
Brazil, collection arranged by Dr. R. B. Watson, 
Rockefeller Foundation, Rio de Janeiro, Brazil, | 
August 1, 1955, 25.5 g ash, O20 9 OO. oss ees nk 0. 037 +0. 017 
2. CL 1160-P: Age 24 years, Brazil, furnished by Dr. 
Shields Warren, Cancer Research Institute, New 
England Deaconess Hospital, Boston, Massachu- 
setts, James Tussin, vertebral fragments, 7.15 g 
Othe, SS00 Oks a dd iisednaese 0. 50+0. 05 | 
II. Animal bone: 
A. CL 1162-P: Lamb bones, age 6 months, Los Banos, 
Philippines, furnished by Dr. Lyle T. Alexander, U. S 
Department of Agriculture, Beltsville, Maryland, Belts- 
ville No. 56506, killed April 30, 1956, 165.5 g ash, 61.36 
@ Gasca A cal, oe Rie ced ee eawacescd 1.90+0. 11 
III. Milk: 


A. United States: Fresh Milk from Chicago Dairies: 
1. CL 1071-P: Pure Milk Association, purchased May 7, 
1056, 22.0:g Geh; BOA CA ncn cdnbecincnand 1.6540. 11 
B. Foreign: 
1. CL 1101-P: “Vigor”? powdered, Sao Paulo, Brazil, 
Beltsville No. 56449, furnished by Dr. Lyle T. 
Alexander, U. 8. Department of Agriculture, 
Beltsville, Maryland, 19.94 g ash, 4.14 g Ca___--- 0. 9040. 06 
2. CL 1131- P: Nestle powdered whole, agdelena, 
Argentina, Beltsville No. 56476, furnished by Dr. 
Lyle T. Alexander, 50.0 g ash, 10.9 @ Chadsddus - 2724015 
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Chicago sunshine results, final list (originally submitted to the Divisions of 
Biology and Medicine, USAEC, in letter report of August 3, 1956)—Con. 


Sample Sunshine units 
III. Milk—Continued 

B. Foreign—Continued 

3. CL 1132-P: Powdered whole, Trenque Lauquen, 

Argentina, Beltsville No. 56477, furnished by Dr. 
Lyle T. Alexander, 52.6 g ash, 9.20 eras eo 1, 22+0. 11 

4. CL’ 1133-P: Powdered skim, " Trenque Lauquen, 

Argentina, Beltsville No. 56478, furnished by Dr. 
L. T. Alexander, 64.3 g ash, 10.73 g Ca......-_-. 
IV. Soil: 

A. Furnished by Dr. Lyle T. Alexander, Soil Survey Labora- 
tory, U. S. Department of Agriculture, Beltsville, 
Maryland: 

1, CL 1164-P: Oslo, Norway, Beltsville No. 55781, 
December 6, 1954, electrodialysis extraction of 4 
Ibs. soil, 0-2’’ depth, 19.29 g oxalate, 7.23 g oxide, 
NG A ican staan cine ae ae 1. 20+0. 10 

CL 1165-P: Oslo, Norway, Beltsville No. 55782, 
December 6, 1954, electrodialysis extraction of 4 lbs. 
soil, 0-2’’ depth, 23.06 g ocalate, 8.82 g oxide, 
O50 6 OS. oo ican mo mela een a eee ae ee a 0. 99+ 0. 06 
3. CL 1166-P: Oslo, Norway, Beltsville No. 55783, 
December 6, 1954, electrodialysis extraction of 4 
Ibs. soil, 0-2’’ depth, 17.44 g oxalate, 6.66 g oxide, 
OO MI ots sacar ae 1. 5740. 08 

4. CL 1167-P: Aden, Saudi Arabia, Beltsville No. 

55787, February 1955, electrodialysis extraction of 
4 Ibs. soil, 0-4’’ depth, 3.84 g oxalate, 1.49 g oxide, 
Re Cs oo cconnen eeetnaraca ener eae ane ee 0. 69+0. 09 

5. CL 1168-P: Madras, India, Beltsville No. 55790, 

February 14, 1955, elecrodialysis extraction of 4 
Ibs. soil, 0-4’’ depth, 6.73 g oxalate, 2.60 g oxide, 
BO i re ee ee oe 4.5+0.5 

6. CL 1169-P: Madras, India, Beltsville No. 55791; 

February 14, 1955, electrodialysis extraction of 4 
Ibs. soil, 0-4’’ depth, 4.00 g oxalate, 1.54 g oxide, 
1.10 g Ca, (less 1 g Ca added during last step of 
electrodialysis procedure) = 5==2-...-.........-- 36. 0+2.0 
7. CL 1163-P: Durban, Natal, South Africa, Beltsville 
No. 55778, February 15, 1955, electrodialysis ex- 
traction of 4 lbs. soil, 0-4’’ depth, 5.74 g oxalate, 
2.18 g oxide, 1.56 va (less 1 g Ca added during 
last step of ‘saaesinas janes pIveeUUTe). <5 tka oy 15.0+0. 08 
8. CL 1170-P: Perth, Australia, Beltsville No. 55839, 
February 15, 1955, electrodialysis extraction of 4 
Ibs. soil, 0-4’’ depth, 4.49 g oxalate, 1.72 g oxide, 
1.23 g Ca (less 1 g Ca added during last step of 
electrodialysis procedure)_................-...-. 14.741.1 
V. Precipitation: Samples collected by Nuclear Science and En- 
gineering Corporation, Pittsburgh, Pennsylvania: 


1. 00+0. 08 


to 


A. CL 1171-P: Rain, PL-48-RW, 4.1 gal., 1.80’’, collected dpm/gal 

1000, April 1, 1956, to 0900, April 7, 1956__________-_- 35. 0+2.0 
B. CL 1172-P: Rain, PL-49-RW, 1.78 gal., 0.87’’, collected 

0900, April 7, 1956, to 1130, April 21, 1956_________--_ 77.0+5.0 
C. CL 1173-P: Rain, PL-50-RW, 3.46 gal., 1.50’’, collected 

1130, April 21, 1956, to 2000, April 30, 1956____------ 41.044.0 
D. CL 1174- P: Rain, PL-52-RW, 2.29 gal., 2.63’’, collected 

2000, April 30, 1956, to 2000, eae 08 $00 oe ct cs a 8. 09+5.0 
E. CL 1175-P: Rain, PL_ 53- RW, 5.29 gal., 2,57’’, collected 

2000, May 14, 1956, to 2000, May 28, SON a 74.043. 0 
F. CL 1176-P: Rain, PL-54-RW, 0.40 gal., 0.38’, collected 

2000, May 28, 1956, to 1800, May 31, 100625: 2.22. 38. 043. 0 
G. CL 1177-P: Rain, PL-55-RW, 1.46 gal., 0.84’’, collected 

1800, May 31, 1956, to 2000, June 4 1956 Barer ae ere 66.0+43.0 
H. CL 1178-P: Rain, PL-56-RW, 3.41 gal., collected 2000, 

June 4, 1956, to 1008, June 15. OGG... ae 57.0+3.0 


93299°—57—pt. 1——-42 
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Chicago sunshine results, final list (originally submitted to the Divisions of 
Biology and Medicine, USAEC, in letter report of August 8, 1956)—Con. 


Sample Sunshine units 
VI. Irrigation water: 
A. CL 981-P: 4.84 gal., Brawley, California, furnished by 
Edward Noble, Southwestern Irrigation Field Station, 
Brawley, California, collection arranged by Dr. 
Alexander, January '6, Lepeiet foes ebb Seedsced. 1.540. 7 
VII. Antarctic Snow Cores, 1956: Collected by E. E. Goodale, U.S. 
Weather Bureau. 








CL No. Depth Location ! Volume dpm/liter 
(liters) 
BD a cadena 0 to 5 inches_.........- McMurdo Sound.......-- 7. 90 14.341.4 
ee | gt aN lt a ee ites 7. 02 1.1+0.1 
ee ea 0 to 6 metas... 260 ARENT ASOT cicesnncanccen 7.69 1. 9+0. 2 
a oe ee BU SPONGE: osticccncls tna ic niddtnvuissdaanknues 7.19 1. 740. 2 
BD a a a 12 to 18 inches.........|.....' Diccin cutienkdndigees 7.00 0. 40-40. 08 
Ee ea 1 36 Gl DE IOROE...ccncnccbadacd RS cacidaieeSctdnmadtic 7.00 0.2 
Ph cxbcnksssbicmaaes | 36 to 42 inches........./..... NE capris decane rceecheninwe 6. 90 0.2 








1 McMurdo Sound: Location: 77°51’8, 166°35’E; Collection Date: Mar. 7, 1956. Kainan Bay: Location: 
78°10'S, 162°30’W; Collection Date: Jan. 1, 1956. 


Sample dpm/10 6 ft: 
VIII. Surface Air Concentration: Air filter samples provided by 
Mr. I. H. Blifford, Naval Research Laboratory, Washington, 
D. C. 
A. Air filters, Washington, D. C.: 
1. CL 915-P: Collected June 2- 3, 1955, volume 1.65% 


10° tt *, totel dpi Set 12. cs csc anc ccccuncee 1350. +7. 0 
2. CL 916-P: Collected June 8-10, 1955, volume 3.17X 

1G © FE>, ROGAL En OO Oe nn cc ck cee nca gs 21.0+2.0 
3. CL 1052-P: Six small filters, collected February 23- 

28, 1955, 0.258 X 10 ° ft 3 total air volume___...._-. 244. 0429. 0 


B. Air filters, Kodiak, Alaska: 
1. CL '938-P: Collected August 16-23, 1954, ~4.4X 
akin Cebus Meet ut bebe ela Bsa eet ics Maan os ~33 
C. Air filters, Pearl Harbor, T. H.: 
1. CL 1053-—P: Fifteen small filters, collected January 


1-20, 1954, 0.645 X 10 ° ft 3 total air volume_______ 34. 0+ 4. 5 
2. CL 1054-P: Ten small filters, collected January 21- 

31, 1954, 0.43 X 10 ° ft 3 total air volume__...._._-- 51.946. 0 
3. CL 1055-P: Twelve small filters, collected February 

1-14, 1954, 0.52 X 10 ® ft § total air volume_.___._-- 41.6448 
4. CL 1056—P: Twelve small filters, collected February 

15-28, 1954, 0.52 10° ft 3 total air COMBE. cuz 25.44+3.8 


NAVAL RESEARCH LABORATORY 
INFORMATION ON FALLOUT 


As prepared by Luther B. Lockhart, Jr. (see biography p. 324), Head, High 
Polymers Branch, Chemistry Division 


(Enclosure: (1) Abstract of report entitled, “Atmospheric Radioactivity Along 
the 80th Meridian, 1956"; (2) NRL Memo Report 626 and monthly letter reports 
entitled, “Radioactivity of Air and Fallout Samples Collected at Sites on the 
80th Meridian.” ) 

1. The U. 8S. Naval Research Laboratory has had in effect since 1948 a long- 
range program on the radioactivity of the air. This program has included the 
study of methods of collecting and estimating both the natural and fission prod- 
uct activity of the air and also the routine measurement of the gross B-activity 
of the air since early 1950. Documents relating to atmospheric radioactivity 
and fallout include the following: 
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(a) NRL Report 4036 (September 1952), “On the Natural Radioactivity in 
the Air,” I. H. Blifford, Jr., L. B. Lockhart, Jr., and H. B. Rosenstock. 

(b) NRL Report 4069 (October 1952), “The Collection of Long-lived Natural 
Radioactive Products from the Atmosphere,” P. King, L. B. Lockhart, Jr., et al. 

(c) NRL Report 4607 (Nov. 4, 1955), “Relationship between the Air Concen- 
tration of Radioactive Fission Products and Fallout,” I. H. Blifford, Jr., L. B. 
Lockhart, Jr., and R. A. Baus. 

(d) NRL Report 4760 (June 4, 1956), “Radioactivity of the Air,” I. H. 
Blifford, Jr., H. Friedman, L. B. Lockhart, Jr., and R. A. Baus. 

(e) NRL Memo Report 626 (August 1956), “Radioactivity of Air and Fall- 
out Samples Collected on the 80th Meridian,” I. H. Blifford, Jr., and L. B. Lock- 
hart, Jr. 

(f) Supplementary monthly letter reports entitled, “Radioactivity of Air and 
Fallout Samples Collected on the 80th Meridian.” 

(g) Publication in Science, vol. 123, No. 3208, pp. 1120-21 (1956), “Collec- 
tion of Atomic Bomb Debris from the Atmosphere by Impaction on Screens,” 
I. H. Blifford, Jr., L. B. Lockhart, Jr., and R. A. Baus. 

(h) Publication in Science, vol. 123, No. 3198, pp. 619-622 (Apr. 15, 1956), 
“Fallout Dosages at Washington, D. C.,” by I. H. Blifford, Jr.; and H. B. Rosen- 
stock. 

(i) Publication in Nature, vol. 177, pp. 990-992 (May 26, 1956), “Relationship 
Between Air Concentration of Radioactive Fission Products and Fallout,” by 
I. H. Blifford, Jr., L. B. Lockhart, Jr., and R. A. Baus. 

2. There is available some unpublished data on the subject of fission product 
concentration in the air at various sites along the 80th meridian which is being 
collected through a joint NRL-AEC-Weather Bureau program. An abstract of 
a report in preparation is attached (enclosure (1)). The gross measurements 
of the f-activity of the air are reported in NRL Memo Report 626 and subsequent 
monthly letter reports (enclosure (2)). Preliminary radiochemical analyses 
have been performed on a few weekly air filter collections of radioactivity from 
Peru, Guayaquil, Panama, and Washington. The results of these analyses are 
summarized in Table I. Sr-90 data are not available at present but will be 
included when the necessary low-level counting equipment is put into operation. 

3. A single experimental collection at Washington, D. C., of “fallout” and 
“rainout” over a 2-week period has been analyzed and the results reported in 
table II. Other information is available in rough form on the gross f-activity 
(fission products) of collections made by the air-filter, cloth-screen, and gummed- 
film methods at several locations along the 80th meridian. A comparison of 
weekly averages of the relative gross fission product concentrations in the air at 
ground level at a number of locations along the 80th meridian is available which 
indicates that this activity is concentrated in the mid-latitudes of the Northern 
Hemisphere. 

LuTHer B. LockKnHart, Jr., 
Head, High Polymers Branch, Chemistry Division. 


TABLE I.—Preliminary radiochemical analyses of some air-filter collections 


[Atoms per cu. ft. of air "] 


Washington, D. C.: 


OS OE: TONS gioco ddd ccctdnndsahadebaaes Low 6X102 3.3103 1.7X104 

BUD TOR TOO civincnicds ddccaacéusvenbagies Low 2.2102 2.510 3 3.2K10¢4 

De. DE, SP eadonmatahenmetenetemaiaiiamne 70 1.8X108 1.7X103 2.3X10 4 
Miraflores, C. Z.: 

Peis S-18. 5G... «... .ccnckdivicspeneaanianal Low Low 1102 1104 

Sune Ge RUS, 8 IWUR. scadcctactecaxenaeen Low 4X102 1.0X10 3 8x10 3 
Guayaquil, Ecuador: 

SUT WED, NOOO. ccnp cdudssescccsusscsmanauuas 20 1.6X102 3X102 5x<103 

Sure 20- Aue. 8; 1G soci cccccdeccwiceascct 20 3X102 5x<102 5x103 

WOE, OO, 1006 W cciwicncnscandsdesicnehiaion 2.7103 2.6X102 5X<102 5x<103 
Lima, Peru: 

UG. BF, TE a kavicd dba wascbbcecedbianen 1.2X102 1.9X102 5.6X102 1.1104 

COE; Debt TOG ks catidicsnocciccsisiannenl 1.0X103 1.2X103 1.8X102 2.0X104 





1 Arranged in ascending order of half lives to show excess of longerlived fission products. Corrected for 
decay to middle of collecting period. 
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TABLE II.—Analysis of radioactivity deposited at NRL during period 
Mar, 12-26, 1957 


(Collecting area 64 sq. ft. Rainfall during period 1.06’’] 





Isotope Half life /mt D/m/sq. Atoms/sq. 
ft./day ! ft./day 
RFA no ecedaeee basse aan MGe. ss 11, 600 13 3.5 x 105 
TN li sia ncace lt Rial inten eilciiapigis toendmaietionn aaa BG cecsitieaeed 21, 600 24 1.4 x 106 
NN ae cee 2 7, 000 8 9 x 105 
CS sot rk coeee ens cbbdncudauksadduetvea | Se ae 11, 600 13 7.4x 106 
ne a ea aie DW caiceex 890 1 2x 107 
RIT aa eg a ae ts Be ep os 1, 900 2 6x 107 
DUNO Sots eden | oe... 990 1 2x 10? 


1 Corrected for decay to 3/26/57. 
2 Natura. radioactivity resulting from radon decay. 


ABSTRACT 


Measurements of atmospheric radioactivity and fallout at a number of sites 
along the 80th meridian (west) are reported for the year 1956. These results 
were obtained through the combined efforts of the United States Naval Research 
Laboratory and the Meteorological Services of Chile, Peru, and Ecuador with the 
cooperation of the United States Weather Bureau and the United States Atomic 
Energy Commission. 

Radioactivity levels at the various sites during 1956 are reported for three 
different collecting systems: air filters, cloth screens, and gummed films. Ex- 
tremely wide variations in the gross radioactivity of fission products in the air 
have been noted, with the highest levels occurring in the Northern Hemisphere. 
The presence of some of the peaks of activity at various localities has been cor- 
related with known atomic explosions. 

Radiochemical techniques are being developed for the routine analysis of col- 
lections for certain isotopes. Preliminary results of such analyses of a few 
filter collections indicate that the air at all of the collecting sites contains ex- 
cessive quantities of the longer-lived fission products. 


RADIOACTIVITY OF AIR AND FALLoutT SAMPLES COLLECTED ON THE SOTH MERIDIAN 


By I. H. Blifford, Jr. and L. B. Lockhart, Jr., August 1956, 
Naval Research Laboratory, Washington 25, D.C. 


ABSTRACT 


A brief review is given of the status of the project for collecting 
atmospheric radioactivity samples at various sites along the 80th 
meridian. Radioactivity data for the months of May and June 
1956 are presented. 

Problem status; This is an interim report; work on this problem 
is continuing. 

Authorization: NRL Problem A02-13. Project No. NR 612,130. 


In accordance with arrangements between the meteorological services of Chile, 
Equador, and Peru and the United States Weather Bureau, the United States 
Naval Research Laboratory, in participation with the United States Atomic 
Energy Commission, is supplying equipment for collecting fission product radio- 
activity in the air and as fallout. The collected samples are being returned to 
Washington, D. C., tor measurement, 

This report is a brief review of the status of the work as of August 1, 1956, and 
includes a summary of the radioactive assay of samples collected through June 
30, 1956. Monthly bulletins will be provided in the future as promptly as possible 
after the measurements have been completed and the data tabulated. 

The following collecting devices are being supplied: (1) small pumps and filter 
papers for sampling the atmosphere, (2) standard gummed paper fallout devices 
developed by the AEC, and (3) experimental collectors using cloth screens at- 
tached to wind yanes. Table 1 shows the status of each of the present and pro- 
posed stations. Supplies for approximately 3 months’ operation were sent in 
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the initial shipment to each station and an additional 6 months’ supply will be 
forwarded in August. 

It may be of interest to note that NRL is operating radioactivity measurement 
equipment of other types at United States Naval bases in Hawaii, Japan, Alaska, 
and the Philippine Islands, and at Little America, Antarctica (in cooperation 
with the United States Weather Bureau). Similar measurements are being made 
in Brazil in cooperation with the National Research Council of Brazil. Pre- 
liminary data indicate that fission product radioactivity in the air at Little 
America was about 8 percent of that at Washington, D. C., during May and June 
1956. 

On receipt at Washington, D. C., each sample is ignited in a furnace at 700° C. 
and the residue assayed for radioactivity (assuming a beta energy of 1 MeV) 
using an end-window Geiger counter. Corrections for geometry and sample 
weight are made. No correction is made for the loss of volatile products upon 
ignition. In order to allow sufficient time for receipt of the samples and for 
the decay of the short-lived fission products and natural radioactivities, each 
sample is counted on the fourteenth day after collection. 

The air filter results are given in disintegrations per minute (d/m) of fission 
product f-activity per cubic foot of air and are presented in tables 2 and 3 for 
all samples received for May and June 1956. The filter papers retain very nearly 
100 percent of the fission particulates and have negligible natural radioactivity 
at the time of measurement. The airflow rate is 40 cubic feet per minute. 
Reduction in airflow due to plugging of the filter is negligible at this flow rate. 
The activities of individual filters having measurable radioactivity but less 
than approximately 0.0020 d/m per ft.3 are tabulated as traces. 

The fallout measurements using gummed films are reported in disintegrations 
per minute of fission product f-activity per square foot and are given in tables 
4 and 5. No corrections for the collection efficiency of the gummed films have 
been made. Unexposed films have been found to have no measurable radio- 
activity. The activities of individual samples containing radioactivity but with 
less than 40 d/m per ft.’ are tabulated as traces. 

For the month of June 1946, the residue from the ignition of all of the gummed 
papers from each station was combined and a weighted fraction assayed for radio- 
activity on July 25, 1956. The total fallout radioactivity during June 1956 for 
each location is given in table 6. It is to be observed that the activity of the 
Guayaquil sample was extremely low and that it was not practical for it to be 
measured to the same accuracy as for samples from other locations. 

The cloth screen results are presented in total disintegrations per minute of 
fission product f-activity and are given in tables 7 and 8 for May and June 
1956. <A correction has been made for a small amount of natural radioactivity 
in the unexposed cloth. The activities of individual samples containing radio- 
activity but with less than 40 d/m are tabulated as traces. 

The tabulated values for samples collected over periods longer than 24 hours 
represent the total measured activity divided by the number of 24-hour periods in 
the collection. Days for which samples were not available have been indicated by 
a dash. The maximum counting error (standard deviation) is not greater than 
+20 percent for any measurement. For the majority of the samples, the count- 
ing error is between 5 and 10 percent. 


TABLE 1.—Date of start of radioactivity collections 


Type of collector 





Location Filter 
Gummed Cloth 
paper screen 





PetS AWWROS 6 .6iic.cna<caasanssdiucdssconsanmalienadenee | () as ree 
Santinns G6 CMW sci s cncice ca sctewcndannsscansebgeeenee (1). | July 15,1956 | July 15, 1956 








TIN aaa oo es ee } (1)__..________| May 29, 1956 | May 29, 1956 
ROU MIUEL. «occ cnsiacchdce 5 tninkedtnbuesewnecasaeeiens | May 24,1956 | May 24,1956 | May 24, 1956 
Cis cicwisn wb adhibees a ceniéddw seumecdinns wads nadcretaeneninaes } a , Oiscs 2223252) CS 

Wemane 0 2c ngs ch sw edd diantiensbaa aaa June 1,1956 | June 1,1956 | June 1, 1956 
PURO Te os seta cd etic ninety cuackanteeseennegllaueeennes } hea t Ohiccccnasecs (@). 
Wraith: ke i cs tt ose denuke de nacanades ee + Ose Opn ot ae 

Wr NOD: SPE. cb addi naadnewikiuddmaacsueneeadehens | May 1,1956 | May 1, 1956 May 1, 1956 
Newfoundlan?t___....-- <diacthsibhadtnlonéamuhwacmecae © en Oiicdtiasddass (), 

Tle, CITA oc aesicckecccwiaes 


—— 


1 Not sh 





f . 
’ Seed bes not in operation on Aug. 1, 1956, 
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Table 2.—Daily record of fission product B-activity collected by the filter method, 
May 1956 


(d/m/en. ft.] 





Guayaquil | Washington, 
D.C, 





cl bil Beslan Abia ia sedate ean dasa cae . 054 
Wikciudsashbh newhbun [Atteededad cama . 005 
iacla pi 0 Saaiinsniln senses iste Pls sininnepaseneetans 1057 


Sean hal Geuedie 1,057 
1,057 
cb beceeeaeea . 090 








13-day collection. 2 Trace. 


TaBLe 3.—Daily record of fission product B-activity collected by the filter method, 
June 1956 


{In d/m/cu. ft.] 


























| 
Day Guayaquil| Panama, Washing- | Day Guayaquil} Panama, | Washing- 
i) 8O28: ton, D. C. | C. Z. ton, D. C. 
| | 

eae ace SE Nib ciitnicleiatoe 0. 047 tied eel 0.009 10.095 
acealererdntiistpapea - 002 | 0.018 | 1.037 0. 018 -010 1.095 
pease ahha dak - 002 | . 046 | 1, 037 .003 007 1.095 
eee (?) | 030 | 1,037 C05 2005 14 

PRUE: 003 | 024 | .028 013 | 006 675 

peas (?) 005 | 2050 ee eee SO ie a 
Jccbitamnan eae (?) () 073 .013 . 008 . 068 
ieee ) (2) 074 | O11 .007 1.038 
ie ase its 004 . 005 | 1055 010 006 1038 
eee iais . 004 (2) 1.055 O84 004 1038 
i abe 004 0 1.055 016 004 . 036 

jbanaa - 004 003 071 - 007 . 024 036 

eee 004 | 0 sy .014 . 030 054 

Eo aaes 004 | 011 -17 . 006 . 026 . 059 
Ld a atnialdiohte -005 O18 | 16 - 003 024 1.059 
13-day collection. 2 Trace, 


TabLe 4.—Daily record of the fission product B-activity collected by the gunmed 
paper method, May 1956 


{In d/m/sq. ft.] 














Day Lima Guayaquil | Washing- || Da Lima Guayac uil| Washing- 
ton, D. C,. |} | ton, D. Cc, 
| 
| | 

Tcigaveusbasialebenccsmecks Sores ee ih Fd cccboctininntl cupemebebaiet seiehaebawan | 3) 
9 
Bee A ee Loan cee s | ae 
a cesta ci esetipheaganig apn eral adipetbinie einen ini | (@) 
ie Foy Se Pe ee ene Sees eee 260 
rk ie ae ie As Ai Be ee eee 260 
Oe | 260 
i es nal ess mes pages ile eign cnaeeiaieteowenerae 140 
et ee ee ot ee 0 
a ee 110 
US a cicsalae diene eaieiiniaaee ade dia laapaaieeis ey 1, 100 
Be ee A ee to 235 
BO Satna s ewan asta bake 235 
DA tcdtbte ach ewan doundmed | oecneeseiererdicons 235 
Doe ee er eg ea 0 








1 Trace. 2 3-day collection. 
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TABLE 5.—Daily record of the fission product B-activity collected by the gummed- 
paper method, June 1956 


[In d/m/sq. ft.] 


























Day Lima Guayaquil Panama, | Washington, 
C. Z. D.C, 

Luciccnnccsassmnussnnasiaetedbanemeseaimeeinties () Giiidtainccaaes 0 
Bindi ocdnscnpeuana sibs acdcealgines soiikeak been 40 «) 100 261 
Sein sivas Sin a i sata nlc acta ieee aembaeleiaaipaTas () (@) 200 261 
Riniinwinn anand Cini atnikn iitipaipianepa eatin a hindi 0 Q 140 261 
5 eeeucdnasounsuceseneésésencceseegescoesoudnnaus 0 0 270 0 
©, ccccecdcédkcnasnabhnubehcadiibaedubeaakenmalanes 70 0 100 0 

Fvihds ii nctieMcknasyaesesdbadeeheeenaianeniers (1) 0 110 (‘) 

E-. tdpsabioisipeianss apace 40 () 100 (!) 
NF ais vhnlierevtaligh acts dose aeallirarereecal ee iota nent aliaate 40 0 40 220 
in cdvscsccmdpaaceteeuthadnbinknasasiaienamedien 40 () 70 220 
TO ica inp ins cnshgascim snc iicewaig leap tan tonsil dciamabicie | () 0 100 220 
Di siics tes doanalahn ine centile dicen wiee at mattnenian ame 740 0 40 50 
Weicci danse baaboesnnhd Meencosetnakanaain () () 50 0 
PO ci wi bates allincap ga eik elias wicseknnetmnaaainad 20 () 200 €80 
Ba iain Annes TGnuedpndrnakanecemmmele 200 @® () 90 
Db wines kedcabni ok onalne dp dance etceeanae omnes WE Pedandes chaos 140 2100 
De ociusscsiciis nieces wae die ata apa earn eae 130 (1) 80 2 100 
De xxdcuwendeabnasnasnceeuciecusieneste adres 40 0} 40 2 100 
: () | 50 60 
70 0 | () 260 
Me Nageaiie oa acoiee | 70 200 
0 (*) 40 $0 
40 0 | (1) 2 47 
40 @) (') 247 
() (1) 2 47 
() (!) 170 

0 @) 40 (') 
0 0 | (‘) 60 
0 440 60 
0 | () 220 

1 Trace. 


23-day collection, 


TABLE 6.—Total fission product B-activity of gummed paper samples collected 
during June 1956 


[In d/m/sq. ft.] 


Location: Total activity 
MN ia iS cis secs min an is omc ke ec al lea ae ci ine aaa ae 840 
CRU INN sss cind ntact Seapets anced ihm aedapcaiaiaiasda ae 7130 

POURING GS iiss sx sins ne si iiss ents cassia cahceln a estan i eda lap leaeekemaen ine aeccaiaeeaaaaien 1500 
We MEO, By Classi inecdi icin cp micdotcsdecciesintigmenignangdinmigghameae dae 1300 


1Counting accuracy +40 percent. 


TABLE 7.—Daily record of fission product B-activity collected by the cloth screen 
method, May 1956 


[In d/m] 








Day Lima | Guayaquil | Washing- Day Lima Guayaquil | Washing- 
ton, D. C. ton, D. C, 
.mcninssneniess amass i Hsp neice ape wasabi I eta ans 
a on etek ie Schelde Baia dial a att ere rere 
©... accawcs [nave lachsdect cgdbecusdacbidememeeeel eas asad fs «dictate phased Saeaaaiolppees 310 
DD. .inanicctinakel wuiiedibeaaeaadyeeninn 90 ! arias acca a ei leat aia ee 1190 
a en ee a ar laa gee 1190 
Gicoidiscuiksicas teocaeae ecko uaa $100 Sass | ccinincencasail dace 1190 
Go ee. foe $106 Mi Lo aka Le eee Q) 
Wea Roe See oe ee oc BD TE ele ccictcartesndmas | acchcianancasieae Paeea atte taeal 350 
en ee ee ed eae GBH Bi ccacucccace So ce eee 590 
Oi ok bee hence sateen ates TE DE atacsesae Lares () 190 
ee ee a OT ae oe Se aes (2) 1370 
Wn A, ee er ars ee @) 1370 
WR on aie cnc Blas ciecnenct saad UE Fe I cca ctinakRmacaneccauiee () 1370 
9 noe cciccdhenacaneene Be eeiead SOP Tt De enstcac (2) (?) 90 
Wiesivenccsse  ocaamebaeae! Bo a SP Ut Wc esas (2) @) 180 
Th scseasecse Bd eee a arenes 200 | TE anctenae (2) Gs ‘Lawes 
Wc sccsccex, Paes | Sebi ceaiae 260 1 


13-day collection, § Trace. 








re 


656 RADIOACTIVE FALLOUT AND ITS EFFECTS ON MAN 


TABLE 8.—Daily record of fission product B-activity collected by the cloth-screen 
method, June 1956 























{In d/m] 
i Day Lima Guayaquil Panama, | Washington, 
i C.Z,. D.C. 

0 | et ae ale | 90 
0 40 | 3) 2170 
0 | (‘) 390 2170 
0 (‘) | 140 2170 
0 | () 0 0 
370 270 () 0 
0 0 0 110 

0 0 | 0 (!) 
fi 50 | 0 2170 
54" R50 | 0 2170 
( 570 0 2170 
( 0 0 60 

liv 170 0 (4) 
1, 700 70 | 0 150 
1, 200 | 130 6 570 
Sd 3 100 2 560 
1, YOO 130 (4) 2 560 
730 220 0 2560 
siden “i 70 0 700 
1, 000 | 130 0 170 
ee 0 2, 100 
180) 330 0 150 
460 | 110 0 2160 

970 300 | 0 2160 | 
220 100 0 2160 
90 200 | 0 | 0 
230 5O | 0} 0 
(‘) () 270 | 0 
100 90 0 240 
180) 130 | 0 | 2220 
1 Trace. 
23-day collection. ° 


NavAL RESEARCH LABORATORY, 
Washington 25, D. C., September 10, 1956. 
Subject: Radioactivity of air and fallout samples collected at sites on the SOth 
meridian during July 1956; NRL problem A02-13, project No. NR 612130; 
interim report on. 
Reference: (a) NRL memo report 626 of August 1956 entitled, ‘““Radioactivty of 
Air and Fallout Samples Collected on the 80th Meridian,” by I. H. Blifford, 
Jr., and L. B. Lockhart, Jr. 

Figure 1: Daily record of fission product B-activity collected by the filter 
method. 

Figure 2: Daily record of fission product B-activity collected by the cloth 
screen method. 

Figure 3: Daily record of fission product B-activity collected by the gummed 
paper method. 

Figure 5: Total fission product B-activity of gummed paper samples collected 
during July 1956. 

1. Radioactivity measurements of air and fallout samples collected at various 
sites along the 80th meridian (west) during the month of July 1956 are presented 
in figures 1 through 4. 

2. A discussion of the method of analysis and the accuracy of the results is 
given in reference (a). No attempt is being made at this time to interpret the 
data collected, 





H. FrRtrpMAN 
(For I, H. Blifford, Jr.). 
L. B, Lockwart, Jr, 
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Ficure 1.—Daily record of fission product B-activity collected by the filter 
method, July 1956 


[In d/m/cu. ft.] 
































Day Guayaquil | Pz ™ _ ~ Washington, Day Guayaquil P: am Washing- 
tals ao 4 eames &. Z| ton, D.C. 
| | | | oa | 

ali a ee 0. 005 | 0. 009 10. 059 0. 018 S ccnencenuiaaatia 0.045 
Dibra e 014 | 008 | 1.059 016 0. 034 053 
eiccketiscees 005 005 | 28 010 046 . 063 
Sndlacedoduwe | - 005 (?) . 032 . 016 .079 .040 
ilicthiaanialiaes s Vehambkoe . 032 . 005 . 040 1.032 
Oe oe ea 005 | . 005 032 - 005 | .040 1. 032 
Oe ee 003 | 007 1 028 020 | “028 1. 032 
ae | . 002 .010 1, O28 009 | . 024 C59 
Wiverihtannse 004 009 | 1, 028 016 | 018 . 038 
| . 024 609 | . 048 . 024 | 031 . 050 
DR caiidet cin 026 | O16 | - 026 (?) | 24 051 
aa | 010 | .O14 . 049 . 022 .010 1.061 
| ee WE Vc cccce 065 018 016 1 061 
Re a a | . 020 .O18 1 (40 . 030 .O18 1, 061 
ec Ate es . 009 . 020 1.040 . 050 .010 . 026 

Piidainkcea . O18 «028 | 1,040 

13-day collection, 
4 Trace, 
Figure 2.—Daily record of fission product 8-activity collected by the cloth 
screen method, July 1956 
[In d/m] 
Day Santiago Lima Guayaquil Panama, Washington, 
| C, Z. D. C. 
i | 

Ds atkcctineececnsmammnaieseienkahsnéue maul 5O | 300 160 1220 
Desens \ jacdnetakoawann: eee 500 470 180 1 220 
BO cect en ecm teres eee Oe pale oe 200 | 90 Ot cet 3 
Cn nisthnd tiene tiniaieg pias tential dinnasladseiadaate 300 300 0 700 
Mo Seidanasiiet hotest sc inaitciel witcha leasocsenloa Raitt sekadatiel tana 830 | 270 0 700 
Oi dakdwdncndiiidipbisccbbbbenad ieee ees 180 130 0 540 
Weouh nignceinnitehitndin dated nbdaleD died silstaiainadagaaliiana 200 100 0 1630 
Bindi dtcacusceadmuaswudbsacsins lee eee 240 70 0 1630 
en oe ckitagec at inane camniedkakicd el scaeaioee aaa 200 100 (2) 1630 
ERECT S EIS SI, OIE IINE SS 160 350 0 1, 500 
OT NG ct tea tcanee clara ai ait ae 630 350 0 50 
niche ins sntatiiansek Neadimarichidieitiek oem aniiee eae 2, 500 190 80 0 
| eerie: icacdh ck cesta 0 | 1, 500 330 0 70 
Mk + Bann cacandxainanatadaebe } 0 2, 600 780 0 1100 
a ee (2) 2, 700 TOP haccisinaadioaad 1100 
a ee dain itatilloda 0 ( 920 270 1100 
ST ss sistsndiane ies chants ecient cprinloldat 0 2, 300 830 0 810 
To secant atin Hadekenys 80 480 270 570 440 
OD x takin ng eine keelin A aalaeee 0 () 160 230 270 
Docc kccnutinehuncacbicbeleakenades 0 900 990 1, 000 290 
Ua ie ele Atsnhinteaddbaiakied 100 960 210 | 1, 400 11,700 
, EARS Fh IEEE 0 | 2, 200 270 210 11, 700 
Os sed ob ca the (2) 0 0 350 11,700 
Dei ic iinitiicana sna na alent mathe GeR iin 80 990 260 210 1, 100 
Mortar eR, oe eee el 0 | 850 450 (2) 580 
Oi é dabiiddcionetitniacion chars satin 0 0 700 (2) 240 
I a i a lee Ae eee a ee Daa ae ties . 3, 100 780 430 280 
ON oo ated giunc bak en endoraiie 0 | 1, 500 190 290 1940 
Oe icon adedaatdbcsdedetnees 0 1, 200 1, 100 0 1940 
Seusndwaekaad clic tyes elias a eared 0 2, 900 420 210 1940 
Iie. 4a 5 sedenatniicecnsapNiass tas casaalleateat aia nial 0 680 960 @) 250 











13-day collection. 
2 Trace. 
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Ficure 3.—Daily record of fission product B-activity collected by the gummed 
paper method, July 1956 


[In d/m/sq. ft.] 





Day Santiago Lima Guayaquil Panama, | Washington, 
G. 3. D.C. 

I seh cocaine tetas star Se ances nappa io | baie eae (1) 0 290 2 20 
De cscs esesiaes Ben Mita hea nstcoracsonbaalalociean ed o ecbtikec ecient nese 70 (4) 350 228 
Dibiccnanintd Bithnnhincn pacer othunasacne (1) 0 100 1, 200 
Ricicuiscsaalbhccnonadekeinnse i ccc cihctaei eae () 0 70 200 
eta seaakdetcday oneebiaiare th aaigsee ee (Y 40 40 200 
De cuiiniad apna icnahaebdintnn cic cueanaeuaceeiee Q) (1) () 220 
Re nie-amminwhnhivtis sipniininin sine wlan sel Sigh eamagentia @) 0 50 | 2190 
Tick Sesdiaina nel hits scincunciiteasanies eee (4) (4) () 2190 
WS catecs ce becd ea apd edtacins ui enaniaatinte eae Bs eee ) 0 180 2190 
EES CREA NG SE) CFF DEGREES 50 | 0 100 | 370 
lie citebadscaleak eile ain esnceimanineniiaiiiia {RESETS 0} 0 40 0 
ist derahisiak bab pethatinascnmeiiadin dein mal <aiddcda i deniiiaake 190 (@) 190 6 
ec a de | (1) 120 0 ) () 
eieceieeecaieret hi one Ei (1) 120 0 180 2170 
teenie rea ace bs Ea ogee a) 100 0 160 2170 
| DASE Se eee (}) 290 1, 000 100 2170 
Oe ania Sects ce acniicantemed es 120 (’) 140 5O | 210 
Deicke pa Swine ln phe eae ( 100 | 0 580 300 
ek Late ot eS Fe 0 ) 0 1, 000 | (1) 
MN, Saisadi Rhee siniomamanmiaibaatiometee 0 100 () 600 60 
_ EE RS (‘) SO () 1, 500 2930 
WS i aon atdeuiacaebickendae knee 3) 110 (4) 160 2930 
iS a | 0 660 2, 200 110 2 930 
EE SE ee ee ee ee | 250 80 (!) 340 BRO 
a a | 120 () ( 210 320 
Ol a el er a oe | (!) 6) ( 110 | 110 
ea ae A aS ee 260 () 480 | 130 
a i a i 0 80 (3) | 730 2250 
eg Le Ee SE eS | 70 140 (1) (1) 2250 
Daa oe eae A ) 190 50 | (') 2250 
Bie Saat eo nateaes (1) 50 | 50 160 0) 








1 Trace. 
23-day collection. 


Figure 4.—Total fission product B-activity of gummed paper samples collected 
during July 1956 


[In d/m/sq. ft.] 


Location: Total activity} 
aa ea i a ae a re ee 1, 300 
PUTIN os Serer ss 6 sree os te a ee i ee 3, 300 
PRR Gib ts soos ee Beas kc on wb bce renee eho renee 4, 700 


Washington, D. C 


1 Measured on Aug. 16, 1956. 


3, SOU 





UNITED STATES NAVAL RESEARCH LABORATORY, 
Washington 25, D.C., September 26, 1956. 
Subject: Radioactivity of air and fallout samples collected at sites on the 80th 
meridian during August 1956; NRL problem A02-13, project No. NR 612130; 
interim report on 
Figure 1: Daily record of fission product §$-activity collected by the filter 
method. 
Figure 2: Daily record of fission product f-activity collected by the cloth 
screen method. 
Figure 3: Daily record of fission product B-activity collected by the gummed 
paper method. 
Figure 4: Total fission product f-activity of gummed paper samples collected 
during August 1956. 
1. Radioactivity measurements of air and fallout samples collected at various 
sites along the 80th meridian (west) during the month of August 1956 are 
presented in figures 1 through 4. 


H. FrrepMAN 
(For I. i. Biifford, Jr.). 
L. B. Lockuart, Jr. 
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Figure 1.—Daily record of fission product B-activity collected by the filter 
method, August 1956 


{In d/m/cu. ft.] 


Day Guayaquil| Panama, | Washington, ] Day 
C. Z. D.C, \| 
Rp iskewiecnes 0. 040 0. 022 0. 031 Wiidinceen. 
eR | . 025 | . 039 | O8P HE Weeccsac ce 
icadtemdeta sink 015 . 020 GSF il Utada accesses 
eee | . 008 O10 1.031 ee 
Dek ccikedumenas | 012 013 1.031 Tei casabeicaes 
 Saaae 012 . 023 UA Tl i uaieattss ous 
ib naededmphena O12 - 032 056 Ml pdiaiidiiasa eee 
s OS . 054 013 iis dedcisubee 
Wepsk tious 029 . 045 034 Dib eek. ai 
10 | 023 . 063 C65 WE wankdbeas 
ie dtc | 625 016 9 Ot aia cccmamenes 
BiG indtec oes | 025 . 021 . O52 Mannan 
33... 031 021 >. O89 tt en cs. 
14__.. | 023 . 024 «OGD It Bese cn can 
Ri | O15 | 023 30 eS aes 
We cs 023 | 012 C74 
| 


13-day collection. 


FIGURE 2 


neethod, 


2 Trace, 


{In d/m] 


Guay: qui | 


ee 
| 0. 020 
| 


Panama, 
C. Z. 


GaN De laa al 

ME Eisner 

.010 | 0. 028 

OR 
018 | O18 
017 035 
. 032 | () 

. 003 . 008 

.019 O15 
017 025 

010 . 023 
| . 009 067 
| . 026 008 
024 | .010 

' 














Day Santiago Lima Guayaquil 
| 
| | 
Ee nde meiiannchts ddcach bevallen a 0 | 0 1, 500 
Widsidinciweamuenn i acedeteelal tenia th madcaneiiaaaniaies 530 970 
Dwistucadekahiadnd cate teaane 0 800 660 
ie naa auunaniandaeiGawaaanee 0 | 1, 500 370 
Di nekoavnteneoa najida Giceaimtin #ie 0 1, 500 520 
Oc ticccasecststinsuvastenconaews oa 600 | 
Fidikdakniah tanmatachentanaanene | 0 420 €80 
Wad. ceecsasacinasntansineamunn aes taetoameaaiena | 1, 500 660 
© agadct end ceaee ankaauene 0 3, 400 1, 000 
RR SL Ae 0 3, 000 R80 
With ic'arucdesnsdsdbadtiaturaomsanlaaeeran aeant 0 990 940 
i a ee 0 | 1, 490 0 
De a ea 0} 1, 300 2,100 | 
Wtbisudotaidnanetaatenidai enon 0 1, 400 689 | 
Tis is labia estan pia ch Oreite eeeintala ities } (2) danissiahadialaisaledimas 850 
DN nd 0 6, 400 620 
Ai icc nndsdabsacusdencaneaatin 0 2, 300 930 
le ccnee ee ene teres 0 890 540 
Dl ticickwis ast aac puricl erasatan& aetaaenaes 0 320 480 
DO cs an a eee aos : 380 
ee ee alee ae ear oe eee aed 0 1, 900 360 
Ci ci Diidessimcimediinginn bhai Name 0 1, 200 320 
Ti cankéicdaduviéssceeanise aaa 0 0 520 
Divaicndnahgcts cadebakh i bediniaentcenes 0 1, 800 1, 300 
I i aig ia aoe a a a ar ee 0 1, 900 80 
SG o salnsthhinntotivinednidestedg aaa eae Oe eden 960 
Wi ndcdicacnssdsbdsedecabst htcal guineas 1, 700 430 
ad einstein ceded dais 160 2, 400 270 
OE viiananncccavssabidbadekaaeeee 240 2, 700 530 
WS ba dhdak bahia de beeebaitiads 0 2, 000 760 
Sliccseedssaskecensausnananacnans 0 1, 800 920 


13-day collection, 
§ Trace. 


Panama, 
C. Z. 


@) 


() 


Washing- 
ton, D.C, 


0. 061 
1 097 
1.097 
1. 097 
. 033 
043 
. 033 
057 
1 037 
1 037 
1.037 
.047 
. O89 
073 
-070 





—Daily record of fission product B-activity collected by the cloth-screen 
August 1956 


Washington, 


D. ¢ 


190 
1, 300 
810 
1510 
1510 
1510 
300 
60 
280 
460 
1 430 
1 430 
1 430 
580 
3, 500 
390 
140 
1650 
1650 
1650 


650 
100 


1390 
1390 
1390 

380 
780 
290 
780 
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Ficure 3.—Daily record of fission product B-activity collected by the gummed 
paper method, August 1956 


{In d/m/sq. ft.] 

















Day Santiago Lima Guayaquil Panama, | Washington, 
C.Z D.C 
100 280 | (‘) 430 580 
th Remar hdwncce adidas nee 80 (‘) 170 40 
0 100 (‘) 760 240 
() 80 60 100 2 260 
Q) 120 240 (‘) 2 260 
CP! Galeasneneeusas (‘) (4) 2 260 
0 80 () 160 | 70 
() (¢) 100 (4) 70 
(‘) 190 70 190 (1) 
(‘) 140 80 470 | 70 
(!) 110 (1) | 140 | 270 
(@) 70 80 610 270 
2) 260 (‘) (‘) 270 
90 260 () 1, 000 100 
Cy: 2 ibinwasesteee ') 900 340 
0 450 (a 250 660 
0 120 40 40 50 
0 70 | (‘) 40 9330 
40 60 | D fe sceccs eee 2330 
fe ee i (‘) 80 2 330 
0 60 (4) 320 1 
0 100 50 170 | 100 
0 50 | (‘) 40 (4) 
(‘) 190 () 190 50 
0 110 | () 50 240 
() caslahenieaian 120 (‘) | 240 
ittvipindasnwae 210 (1) 500 | 240 
310 260 0 380 70 
0 860 360 420 60 
50 80 () 50 50 
(‘) 160 60 | () 90 








1 Trace. 23-day collection. 


Ficure 4,.—Total fission product B-activity of gummed papcr samples collected 
during August 1956 


[In d/m/sq. ft.] 


Location: Total activity 
aM a i i ask ieee etal wis a me mn 590 
NI ie oe aa a ee Sein bene ae 1, 800 
PI a a a a ere 1240 
a Fes ess aan prea ccs A cnc chia Banda dace easel nhac aaaoad 3, 100 
WOR BON ets Sie i ee ete uenioee hacaasc eee 2, 300 


1 Counting accuracy +40 percent. 


UNIrED STATFS NAVAL RESEARCH LABORATORY, 
Washington 25, D. C., October 30, 1956. 
Subject: Radioactivity of air and fallout samples collected at sites on the 80th 
meridian during September 1956; NRL problem AO2-13, project No. NR 
612130; interim report on 
Figure 1: Daily record of fission product f-activity collected by the filter 
method. 
Figure 2: Daily record of fission product f-activity collected by the cloth 
screen method. 
Figure 3: Daily record of fission product f-activity collected by the gummed 
paper method. 
Figure 4: Total fission product f-activity of gummed paper samples collected 
during July 1956. 
1. Radioactivity measurements of air and fallout samples collected at various 
sites along the 80th meridian (west) during the month of September 1956 are 
presented in figures 1 through 4. 


I. H. Burrrorp, Jr. 
L. B. LockHart, Jr. 


= 
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Ficure 1.—Daily record of fission product B-activity collected by the filter 





Day 





Guayaquil 


0.018 
016 
.018 
- 024 
O16 
O16 
. 026 
012 
. 009 
009 
014 
. 038 
O16 
- 022 


. 002 


method, September 1956 


Panama, 
C.Z 


0. 024 
. 052 
034 
- 022 
O18 
004 
-O11 
- Of 
. 004 


O15 | 


- 024 
016 
018 
013 


036 


4} 


{In d/m/cu. ft.] 


| 
Washington, 


D.C. 


10.072 | 
1 


. 072 
1.072 
1.072 

070 

. O84 

. 044 


| 


1 200 | 


1. 200 
1, 200 
061 
- 093 


- 120 | 
-140 | 


1.160 


| 
| 
| 


Day 


Guayaquil 





13-day collection, 


Panama, 
C, Z. 


0. 007 
- 020 
005 
005 
006 
010 
012 
.012 
. 005 
005 
010 
.018 
.010 
. 002 
. 008 


Washing- 
ton, D.C. 


10.160 
1.160 
140 
.039 
006 

. O82 
1.094 
1.094 
1.004 
. 160 
. 098 
. 099 

. 420 
1.320 
1,320 


Ficure 2.—Daily record of fission product B-activity collected by the cloth screen 


method, September 1956 


{In d/m] 





Panama, 


Washington, 
D.C 


1 3-day collection, 


2 Trace. 


Santiago Lima Guayaquil 
0 450 640 
0 370 450 
0 160 0 
0 1, 900 750 
0 730 360 
0 220 240 
0 470 1, 000 
0 () 240 
Oo Sncdseewnacsacts (3) 

0 1, 500 320 
0 340 300 
0 800 960 
0 940 500 
0 770 (?) 

0 260 600 
0 620 170 
0 160 290 
0 420 400 
0 540 520 
0 240 640 
0 1, 200 100 
0 1, 100 590 
0 730 370 
0 270 310 
0 190 160 
0 420 80 
0 0 140 
0 590 160 
0 800 320 
0 1, 300 300 


@) 


11, 700 
11,700 
370 

2, 200 
350 

1, 800 
13, 100 
13, 100 
13, 100 
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Ficure 3. 





Daily record of fission product B-activity collected by the gummed 
paper method, September 1956 


{In d/m/sq. ft.] 


























Day Santiago Lima Guayaquil Panama, Washington, 

C. Z. a? 

a ae hee ed ee (4 59 (@) 60 (2) 

ec cee ewe neb ae caeeen | 70 110 «) 190 (12) 

Dn nemncveguesaeasnebetesw ana @) () 310 (2) 

Wicca eacaesebaenekaceee (4) 60 ()2) 

SOE a Sa («) 0 190 ) 
SAG. i Ga nuninaenge daar | (@) 320 200 
Ta Eh oO a nea! 0 290 430 
Wess sea enes jieaca enna | 550 (‘) 2130 
SERIES ON» CE ener Se eee 0 () 2130 
Menon eaeebabanennamea nae () 0 () 2130 
esas ee eee eS ee See (‘) 140 50 
Re been tee tenes oe dabei atte 60 (@) 630 
a a ies hia () 0 90 
at i ir ee a a (!) () () 80 
cr nk a 0 60 2 530 
seen 0 (') 2 530 
Weak Sac aioen diGpa ae beatae (‘) () 70 2 530 
icra es Se oe (‘) (1) 530 
Os ee eee a aS (1) 0 () () 
ee | 0 () 530 
BR era en aan cee eas ea eas (1) 0 50 70 
NS Re os SS Ni eS 8 De | (4) (‘) (‘) 2 460 
Mn Oe Se Ay em Oe | (4) (‘) 2 460 
Ac bnaechkma Cao miiens aaa | 0 0 2 460 
ecisepnsacttedeessubiesecsindes 0 | () 410 
ESE RS Sees ene ete: 0 80 60 
| Serna eh eae | (1) (!) 70 590 
ee Re once 8 os a 0 | 0 360 
Pic cteenn sania eee | 0 () 2130 
Bese eeu tantktacweawaceeeras 70 () | 0 | 70 2130 
1 Trace. 


23-day collection. 


Ficure 4.—Total fission product B-activity of gummed paper samples collected 
during September 1056 


[In d/m/sq. ft.] 


Location: Total activity? 
PRINTING: bic Sn ce eee des ua ook ce knee eeaaeeeeaienes 360 
Oo cep eee A eats T50 
NNN icon on cao ba anagem as hota casi eee ea eo aoe (*) 
Prem AS, Ba os eee ER od oe eben eran 1, 200 
TT UR Bi i i eas cae es pices lencscig cp cas acne ea a 4, 200 


1 Measured on Oct. 18, 1956. 
2 Trace, 


Unirep States NAVAL RESEARCH LABORATORY, 
Washington 25, D. C., November 26, 1956. 
Subject: Radioactivity of air and fallout samples collected at sites on the 
80th meridian during October 1956; NRL problem AO2-13, project No. 
NBG612 130; interim report on 
Figure 1: Daily record of fission product f-activity collected by the filter 
method. 
Figure 2: Daily record of fission product f-activity collected by the cloth-screen 
method. 
Figure 3: Daily record of fission product f-activity collected by the gummed- 
paper method. 
1. Radioactivity measurements of air and fallout samples collected at various 
sites along the 80th meridian (west) during the month of October 1956 are pre- 
sented in figures 1 through 3. 


I. H. Briirrorp, Jr- 
L. B. Lockuart, Jr. 
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Figure 1—Daily record of fission product f-activity collected by the filter 
method, October 1956 


[In d/m/eu. ft.] 








1 Trace. 
2 Combined collections. 











Guayaquil 





0. 009 
- 006 
010 
- 009 
. 006 
4,004 
2,004 
. 003 
003 
. 006 
. 008 
063 
055 
032 
. 028 
039 
. 036 
045 
.024 
. 016 
O16 
.008 
008 | 
013 
009 
014 
- 028 | 
019 | 
- O16 | 
014 | 
029 | 


«Vee 





Panama, 
C. Z. 
®) 
0. 007 
. 006 
012 
.019 
- 005 
() 
() 
. 008 
. 007 
. 004 
. 004 
(‘) 
() 
. 005 
. 006 
2.013 
2.013 
. 006 
(1) 
® 
. 004 
004 
. 007 
. 004 
() 
. 004 
(1) 
re) 
. 006 
. 005 


Washington, 
D.C. 


0. 095 
21 
.098 
ale 
.16 
2.12, 
2.12 
2.12 
212 
12 
- 030 
. 097 
2.15 
2.15 
2.15 
oa2 
089 
215 
-12 
2.076 
2.076 
2,076 
006 
~022 
- 081 
-19 
2. 066 
2. 066 
2.065 
.097 
- 061 


Ficure 2.—Daily record of fission product B-activity collected by the cloth screen 
method, October 1956 


[In d/m] 




















Day Punta Santiago Lima Guayaquil Panama, | Washington, 
Arenas C. Z. D.C. 

i es a se 0 2, 700 270 0 1,000 
Woe aes ee ee aa 0 540 260 0 1, 300 
Wns ee cae tare when hiken as 0 1, 200 1¢0 0 590 
x btansinisciee iis lath to a | 0 | 50 160 0 290 
| a ee eed 300 0 |} 260 () 0 3, 600 
Weiter ocacedag nen | 0 0 1, 200 2110 50 21,200 
Wicctniata setae | () 0 21,900 2110 0 21, 200 
Re cteden acct | 0 0 21,900 50 0 21, 200 
Se eee 0 70 940 1, 000 0 720 
ee 330 130 4, 700 0 120 2, 100 
Th Ae. doce teed j 0 50 | 9, 600 0 0 1, 800 
SO ead ee ei EO 0 210, 000 1, 800 0 370 
WE tae Sacane 210 0 2 10, 000 1, 100 0 2 530 
Won sccauccc cates () 0) 4, 400 780 0 2 530 
eee cote 0 0 3, 400 400 170 2 530 
1c cacao 130 0 2, 100 680 0 120 
Wiens cp eee 200 0 770 1, 400 () 1, 200 
Wa codaka eke | 130 0 2, 200 860 0 2, 700 
Pe aan 0 0 930 540 0 920 
tires cand oiieek ene | 50 0 &30 310 80 3440 
Die a sees oes | 0 0 2410 440 0 2 440 
ete ee 0 0 2410 0 0 2 440 
Di ccrincicrasiniiigsaminen | 0 0 260 310 0 510 
Oe hs a eos 0 | 0 550 430 0 0) 

ee ete 190 0 430 380 0 (1) 

ad acs | 60 () 630 140 0 310 
Gn ccticeiccene 400 0 520 370 0 21,700 
en 0 0 2 500 520 0 21,700 
ye eee (‘) 0 2 500 360 0 21,700 
Ea 0 0 530 70 0 2, 000 
Oc inccandaneaenee ‘ma pinata 0 660 700 0 840 


1 Trace. 
2 Combined collections, 
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Ficure 3.—Daily record of fission product B-activity collected by the gummed 
paper method, October 1956 


{In d/m/sq. ft.] 











i 
} 
i “ 
' | ; Day Punta fantiago Lima Guayaquil Panama, Washington, 
} Arenas C. Z. D.C, 
i Di cialainadtinaienemueliet hepsiipingsiilinendiindiiiiiiin 60 100 0 @) 380 
Raat Eee te deste () 70 () 60 50 
Wie nate camcuw ania lic naoannina date () (') re) 0 () 
conde wd ucbeilincanGewmesines 0 6 0 () 130 
Wisi ane nncenaniatlatetan (‘) 70 () () 70 380 
Di.8s caienmesabunwne () 0 50 (i 2) (4) 260 
Oa re (‘) 0 280 (1 2) «4 260 | 
i cooses ashok mekcnactpaeiaieetey 50 (‘) 280 160 0 260 
See @) 0 50 0 «) (‘) 
i ey ot ee 80 () 160 () 90 (1) 
BO cassis tedinknck sue as et (') 160 260 50 0 40 
DE ao nitclesbesernisis () (: 2250 70 70 50 
| i aa 270 60 3250 50 () 220 
WR i oie 60 260 50 () () 220 
ae eee 0 0 80 (‘) (‘) 320 
a a an © lkdcdeswnmaaals 60 @) () 60 
Woo ran da eels, () PROEACISE: 100 260 180 40 
Oe Se ht REE Re 50 i) 240 200 
cicicdihsaiipanting cedasioniain: (*) Ee 40 1) 240 07 
i acmiitcciaserianaccanier GC). 2. dncawccnigetigas 80 120 () 150 
| daa ada OO Nicncmnianouiicns 240 50 @) 150 
240 ) 100 150 
80 40 50 200 
90 50 () 90 
100 () Q) 150 
5 (‘) 40 210 
(‘) () (‘) 1170 
240 () 60 1170 
2 40 (') (‘) 1170 
80 60 (1) 120 
; 80 () () 220 








1 Trace. 
2 Combined collections. 


UnNIreD STATES NAVAL RESEARCH LABORATORY, 
Washington 25, D. C., January 10, 1957. 
Subject: Radioactivity of air and fallout samples collected at sites on the 80th 
meridian during November 1956; NRL problem AO2-13, project No. NR 
612130; interim report on 
Figure 1: Daily record of fission product f-activity collected by the filter 
method. 
Figure 2: Daily record of fission product fB-activity collected by the cloth- 
screen method. 
Figure 3: Daily record of fission f-activity collected by the gummed-paper 
method. 
1. Radioactivity measurements of air and fallout samples collected at various 
sites along the 80th meridian (west) during the month of November 1956 are 
presented in figures 1 through 3. 





I. H. Butrrorp, Jr. 
L. B. LockHart, Jr. 
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Figure 1.—Duaily record of fission product B-activity collected by the filter 


method, November 1956 
{In d/zm/cu. ft.] 








Day | Santiago Lima Guayaquil Panama, 
C. Z. 
Boi ceciccnunsdesceasgukeskabeade waka coating 0. 032 0. 032 0. 004 
eS See ae ia wh aire Bek is hee 028 . 026 ‘ 
We vipdssausccuesucawaneus sivas 026 028 . 004 
iit. ois wccupenre visitas okaenae a panaeee aon 019 1.020 . 008 
hc cussdockadushsielan a 032 2.020 015 
ORS sie ci itecdaneaese eke ae 026 018 030 
Rn ctedhondghisphadedecccidabinednes tial 024 046 022 
Ric dob cawck cibiacias sheen ee 018 014 052 
y z > 5 dase dee oie Ee bt ee 028 014 048 
Di vtticudesdctnnadeaddabesetéddcaacee 036 009 oll 
eee - Skits ie a . 056 . 026 () 
WO poi cc, ok Bee ey sega ck Spe eae ee 24 004 
- 5 ; ae 046 042 005 
Bel i pd chidcauts cine camieentadk eal bees oan 638 052 004 
WG bhb dase nae danke eka abiksccteue! 030 034 . 004 
Delve tiebh enki dhkcnncutndcinstahare a elenmsa aes terecude : 024 022 005 
ON oi dib a Wbbadcomncutakcdecsmabe 0.010 -@22 . 009 . 026 
De statesmen seco cume code ceeees 006 .016 .018 .016 
Bc sctsilnp think Dakine omarion . 006 .014 . 009 . 008 
BEE =i hieniateioataineccdencnte’ . 024 . 022 007 () 
, eee Te . 006 . 008 . 007 006 
Ws ieito cc accctacaees Foe ae . 008 . 020 .009 . 004 
ici i i croatia eee O05 018 016 2.008 
Se eee ras, a re . 008 0 016 3.008 
rare ctickeh nd cachalemmeice 005 014 .012 012 
PS kabidinndclbebedkitianiineeias 014 . 008 2.910 052 
Ws Catenin dentiencseesed awn SARI T vcaccccintnsg etree 2.010 . 008 
een Piciddangh anid -010 . 028 .010 020 
WO Sakic cnedddctddncscacsiueesess -010 010 2.012 022 
GR. Me datemiitemcason ieee ele - 009 -013 2.012 018 
1 Trace, 


3 Combined coNections. 


Washington, 
D.C. 


0. 026 

.612 
2.038 
2.038 
3.038 
056 
. 069 
. 088 
. 066 
. 058 
. 058 
. 058 
. 058 
042 
. 104 
. 157 
2.035 
2.035 
2.035 

.070 

- 100 

. 088 

. 103 
2.026 
2.026 
2.026 

.037 

048 

. 080 

- 038 


Ficure 2.—Daily record of fission product 8-activity collected by the cloth screen 


method, November 1956 











: {In d/m} 
; ee ee ae le Se 
; Day Punta Santiago Lima Guayaquil Panama, | Washington, 
Arenas C. Z. D.C. 
60 0 450 810 0 50 
AO 0 1, 500 R50 0 520 
: 90 0 1, 100 630 0 1 430 
160 () 240 1350 () 1 430 
110 0 810 1350 0 1 430 
3 80 100 990 980 0 90 
3 90 0 420 240 0 A 
90 0 150 190 () 230 
BI ieee 37 150 @) 1, 300 
(2) 0 530 350 0 1950 
50 0 2, 300 450 0 1950 
(2) lee 710 0 1950 
0 0 900 1, 000 0 1950 
80 0 400 450 0 290 
a 0 110 420 0 450 
es 0 80 220 0 1, 100 
(2) 0 210 750 6 1 620 
49 0 | 240 190 @) 1 620 
40 0 | 450 140 0 1 620 
00 0 | 730 0 0 (?) 
beac 0 439 40 0 710 
70 0 41@ 410 0 | 1, 800 
50 0 310 310 0 1, 200 
0 0 710 80 0 170 
300 0 110 170 6 | 170 
140 0 70 1200 0 | 170 
360 Gea | 1200 0 0 
Re Re 2a ekees : 0 | 0 | 139 0 720 
80 0 25 1170 0 130 
i eset eiccneeenacenteteses i iveiabedialin th acsectaad 0 1 1170 0 1210 





1 Combined collections, 
2 Trace. 
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Fictre 3.—Daily record of fission product B-activity collected by the gummed 
paper method, November 1956 








[In d/m/sq.ft.] 
Guayaquil Panama, | Washington, 
CO. Z. D.C. 

10 1 50 
| c} 40 
50 1 1 250 
50 c) 0 350 
@ 60 250 

50 ) 60 ® 
1) () 50 

0 1) 80 «) 
50 @) @) 140 
0 0 340 
() 0 240 
(1) 8 340 
60 1) 240 

() 0 (’) 

@) (@) () 

@) 140 | @) 
0 70 190 
(@) 0 2900 
() 110 290 
0 0 | 50 

0 50 | () 
() 0| 130 
() f sali tilaliitaiadin : 
(@) 1) 240 
(@) 0 340 
BO 940 
0 | 0 0 

| 

0 | () . 

() 70 1) 

(@) | 50 () 





1 Trace. 
2 Combined collections. 


UNITED STATES NAVAL RESEARCH LABORATORY, 
Washington 25, D. C., January 30, 1957. 
Subject: Radioactivity of air and failout samples collected at sites on the 80th 
meridian during December 1956; NRL problem A02-13, project No. NR 
612130; interim report on. 

Figure 1: Daily record of fission product f-activity collected by the filter 
method. 

Figure 2: Daily record of fission product f-activity collected by the cloth screen 
method. 

Figure 3: Daily record of fission product f-activity collected by the gummed 
paper method. 

1. Radioactivity measurements of air and fallout samples eollected at various 
sites along the 80th meridian (west) during the month of December 1956 are 
presented in figures 1 through 3. 

I. H. Burrrorp, Jr. 
L. B. LocKHanrt, Jr. 
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Ficurs 1.—Daily record of fission product B-activity collected by the filter method, 
December 1956 
[In d/m/cu. ft.] 








| 
Day Santiago Lima Guayaquil Panama, | Washington, 
C. Z. D.C 
cet tipi gi tassels ti ala 0. 005 0.013 0. 009 0.016 | 10, 036 
Bie Sceccnsacusdcnncsesncccnssecces 005 1,011 . 016 026 | 1,036 
ithdinedens dondudbineucieniniadenuen 012 1, O11 1,014 O41 | 1,036 
Dctcimadcecesdsguuwadbsioniaanee 013 . 024 1,014 045 | . 100 
Di nasuiecedunneeinewnmnbmabeteat . 009 022 | .012 025 | 095 
Th: asindia sttnniiiecnndilinnsiaabeinile | . 006 O16 | . 022 O28 | 052 
Di, aoc bncikatedolinee Gime ameowe aan | .010 | O11 | 1017 | 046 | 064 
as acai al ee ee ae | . 006 | O15 1, Gi7 O16 | 1 (051 
Nik cee cei tankers ei £09 | 015 | 022 | 1,037 | 1,051 
ON a a a | . 008 O16 | 022 Los] | Lol 
Ed, sake ons tad ompibnaacda tae 009 | 024 O18 050 | 073 
BE: dceccadunneeidneubemciwaukumes | 009 018 | O15 . 037 Ol 
De ckknawyccngrhdnacnecunaeneael O13 | O14 | 015 038 | . 042 
i Pete gle eet ee 008 | 010 O18 | 014 | 031 
DU ce ieasinbesimiduiimanmieaakee 006 | .014 O18 | 014 1 O03 
Bs iain baked dak osttth at andebeeeeaa aa 005 1 (21 020 | Ow | 1, 003 
ee eee ee Rae ee 005 121 | 016 | O07 | 1 008 
a aerate nd eemadda, a ae . 006 014 1013 O10 | 029 
ee . 007 .012 1 O13 020 | . 082 
MD Giitinn nc cctdwananteamiiocinscmdin 0Os 012 1,012 032 | .101 
De sends aorta 005 . OOR 1,012 .O18 079 
a 009 .012 O13 14 | 1 (20 
Rs re G18 1,902 .O18 42 | 1 7% 
Re oe ie be ee a 006 102 013 . 050 | 1 920 
TD ela ecnicicaceh ugk in eaineobacan onthe tose Soipaliode 005 1008 012 | 059 | 1. 020 
FN iad dik ichalatnla anon caldna Seen S 0038 1,008 O12 079 | 1% 
a a a So ee . 003 . 009 112 O58 | 043 
Ee ee ee ee (2 010 012 | 043 . 063 
Ee ee ae ee (2) 013 | Ol | 034 1,042 
eo Sn oas cheeses . 005 . 006 | 013 032 | 1 042 
Bee indad diankkbakabadciete . 910 . 006 | 013 036 1,042 
1 Combined collection. 3 Trace. 


Fiaure 2.—Daily record of fission product B-activity collected by the cloth screen 
method, December 1956 


{In d/m] 











| | 
Day Punta Santiago | Lima Guayaquil Panama, Washington, 
Arenas C. Z. D. C. 

sale = 
Pape dy | 1) 0 €0 330 | 
Woah oe | 0 0 150 220 
Cicuvintiiacan 0 0 1m 1180 
a 0 0 230 1180 
5 it Be Se eel ae 0 240 240 
Gores ah 0 | 0 170 | 120 
Digwdbabisimoaeee fit 0 | 0 (?) 1310 
Wiiint teen (2) 0 240 1340 
Divadsesces ; 0 0 | 20 270 
a ; ) 0; $20) 210 
Wibiccnmkdalickcdiecacs tigate 50 | 0 | 290 gary | 
BE wha ach Sok eaaas 0 100 310 | 
Winn ecnncscaleoees (2) 0 | 180 220 
Pekan miata oe 70 0 140 220) | (3) 
Se acne ahaa 50 0 140 170 | 
cies iencatdetes 0 0 180 320 
en kldiekie Eek kaon : 0 180 280 
SRE A SRE 0 170 1 260 
De San deeimliaigss omnia 0 0 | (2) 1 260 
did dethamabenmaain 80 0 | 100 1160 
Mi cst } 50 0 50 1160 
Reece soe (2) 0 140 140 
23 sailed ns 190 0 130 310 
Banana wae bh) ee 130 140 
Tes copacte want (3) | 0 125 240 
wena a 0 0 125 | 1140 
SE paaeneda es einen 50 0 (2) 1140 (?) 
ei nkae nae 0 | 0 90 | 0 
eS Se baw aS ] 110 0 100 | 140 
Wh inddesnasceaeay 220 0 160 | 100 | 
ixecisekiadins | @) 0 co} @ | 











1 Combined collection, 2 Trace, 
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FicureE 3.—Daily record of fission product f-activity collected by the gummed 
paper method, December 1956 


[m d/m sq. ft.) 





Day Punta Bantiago Lima Guayaquil — ee 








1 Trace. 
1 Combined collection. 


United STATES NAVAL RESEARCH LABORATORY, 
Washington 25, D. C., March 6, 1957. 


Subject: Radioactivity of air and fallout samples collected at sites on the 80th 
meridian during January 1957; NRL problem A02-18, project No. NR 612130; 
interim report on. 


Figure 1: Daily record of fission product f-activity collected by the filter 
method. 

Figure 2: Daily record of fission product f-activity collected by the cloth 
screen method. 

Figure 3: Daily record of fission product f-activity collected by the gummed 
paper method. 

1. Radioactivity measurements of air and fallout samples collected at various 
sites along the 80th meridian (west) during the month of January 1957 are 
presented in figures 1 through 3. 

2. These measurements are being carried out as part of the United States 
Naval Research Laboratory program of atmospheric radioactivity studies. They 
are being made with the assistance of the Meteorological Services of Chile, Ecua- 
dor, and Peru and in cooperation with the United States Weather Bureau, De- 
partment of Commerce. Partial financial support is provided by the Division of 
Biology and Medicine, United States Atomic Energy Commission, 

I. H. Buirrorp, Jr. 
L. B. LockHakrt, Jr. 
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Fiaure 1.—Daily record of fission product B-activity collected by the filter method, 
January 1957 


[In d/m/cu ft.] 














Day Santiago Lima Guayaquil Panama, — 
O. Z. D.C. 

vd ha dikiinsimainscdawieadcebinmme rae 0.010 0. 013 0. 041 10. 051 
Tt wacdavaewendeeaetnidauntatieadats . 008 016 - 636 41, 051 
Wisscskencknbes ceatniaamaael - 008 -010 040 - 060 
Ie dieinatnssn tina ctbeliniptaidaasardaiemneaatiegins 005 012 . 052 043 
Dankeauakaeniusaaadecdsmenobedes 012 . 004 . 626 1,056 
Win thiisnncninadenin ee betaasa -012 013 630 1.056 
Thvlesinudsneduaddenmeeudaetanie - 009 ~012 062 1,056 
DicGritices ana rbdecastbeancinteniels aia eee . 009 . 037 . 038 
Ws cb wianticadel diane agatihanmesmabbaals 007 .610 . 636 O51 
Dev iushnccsciuateimnnmigeateene -010 . 009 . 036 045 
iliccs gaivivnciriendecathamladionbnctnnaaaeee 010 007 .020 . 043 
Didi ktieiecionadchandceiekwee . 610 010 . 032 1.060 
Bi x acicih ignites aiscdipiindiniciaigmeuabaiaipoauae 012 -611 - 032 1,060 
Pe cnaimettknundeshadacascdunaivn 010 004 042 1,060 
BO a: dismdinamacniataad dbaaaiambcdes . 006 012 . 032 . 04 
Poi acwtccnaadanmetsncanmmieden 01 .010 . 930 . 042 
Di scicncinewendddtedscadaddewadewes . 808 | 009 .036 . 069 
SU Cigiteciindshadeubnbacs Sateawiaaoete . 008 . 008 .030 . 048 
Wl daigiateadicraronlecdubiinarinbenaieede 004 | . 005 . 030 1,053 
nti aie eee Sasudibcin ca camasdemtebade . 008 .@10 - 043 1,053 
Wi bcs craiteccacheebbdebibenadtiaanentaamute 010 . 008 040 1.653 
Ti ticel-Geaauiaback wamae uaa -010 012 - 007 1,053 
ME chic ben ok ene aeseaees - 006 . 020 .032 . 024 
Bai ccicciecaiaehnaccmetacmee - 009 1. Q09 . 098 0 
ls idienantctaeiadetiadamenmaie -010 1,009 . 060 . 066 
Mia ds itincntsseraiecaniceahdpeacaihtitecsanmiea ais . 006 - 022 078 1.074 
Eee chgderk cath bigs eecnenpra tied .020 - 044 1.074 
cca acisa chitin ceaicatety ia bese .005 016 046 1,074 
Widiciskcinupivatarmamamadcummaated - 003 - 016 - 037 - 034 
Wid iris cts aed - 006 OES fh ecssccbade 024 
iibiarkscoescateds candace chests ein exe eae . 007 ] 





GBD lo. wicncdcekunes - 053 








1 Combined collections, 


Figure 2.—Daily record of fission product 8-activity collected by the cloth screen 
method, January 1957 





[In d/m) 
Day Punta Santiago Lima Guayaquil Panama, | Washington, 
Arenas C. Z. D. C. 
aidtintpeenind tis toawhdaictianins 0 17 40 () 12,200 
ah lecxcaneait 0 170 180 0 1 2, 200 
dcalscnincg eathiho nae abeae cetaceans 0 () 140 0 2, 000 
Lectiitithecbusiadets sd caaceateona 0 60 100 0 530 
a ia dea cee 0 0 0 0 1560 
0 100 70 0 1500 
0 0 0 @) 0 1 560 
0) 0 0) (2) 6 430 
(2) 0 (2) 7 0 270 
50 0 0 0 0 190 
(2) 0 100 80 |) Re ee 
0 0 140 io) 0 1620 
(2) 0 () 70 0 1 §20 
0 0 100 0 6 1 620 
0 0 58 (?) 0 2, 200 
Fe cortenaidlamcaaibia Reese dacls ack 50 @) (2) 0 1, 200 
an oubpaaen 0 170 0 0 590 
0 0 0 0 0 170 
0 0 0 0 1340 
0 0 0 0) 0 1340 
0 0 170 () 0 1340 
(2) 0 70 80 °) 1340 
0 0 (?) 220 0 230 
4 0 210 10) 260 2, 100 
0 0 68 10 4 360 
0 0 () 40 0 1590 
40 Re ee) 0 0 1590 
0 1D Pccamunibeceen 50 Q) 1590 
40 0 | Ser ae eel 0 90 
0 0 0 0 0 520 
0 0 60 0 (2) 240 








ICombined collections, 3 Trace, 


| 
| 
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Ficure 3.—Daily record of fission product B-activity collected by the gummed 
paper method, January 1957 


[In d/m/sq. ft.] 





Day Punta Santiago Lima Guayaquil Panama, | Washington, 
Arenas C. Z. D.C. 
Ce) 40 ¢) 3190 
(3) 40 2190 
(1) () 80 230 
() 0 50 re) 
0 1] 60 2170 
() @) 0 2170 
0 0 0 2170 
0 0 0 @) 
() 10) () 90 
() 150 () 130 
() 160 () 60 
() 0 (1) 220 
() () () 220 
0 () () 320 
() 0 @) (‘) 
(!) 0 0 1) 
0 OD base 0 
0 0 0] 
(1) 0 0 250 
() 0 0 250 
0 0 0) 250 
() 0 () 2 5) 
0 () () 70 
0 ()2) 0 60 
() (4) *) ® 
() 80 0 250 
“inne (2) 50 0 250 
lenc.cha skin uialge abun ce mies icaveonb ial a meneneaAnassaee €@ 2) () () 350 
Ne tine daria eid thee vated suis chebiac tae eaekaedeaeea O i evctctenlawocs 0 60 
_ ae ee © te Gienascaean () 0 0 0 
Pian erkashaaschlecdesdcewitantaeassaneuhoaee () 0 0 120 





1 Trace. 
2 Combined collections, 


U.S. NAVAL RESEARCH LABORATORY, 
Washington 25, D. C., March 29, 1957. 
Subject: Radioactivity of air and fallout samples collected at sites on the 80th 
meridian during February 1957; NRL problem A0Q2-13, project No. NR 
612130; interim report on. 

Figure 1: Daily Record of fission product f-activity collected by the filter 
method. 

Figure 2: Daily record of fission product 8-activity collected by the cloth screen 
method. 

Figure 3: Daily record of fission product f-activity collected by the gummed 
paper method. 

1. Radioactivity measurements of air and fallout samples collected at various 
sites along the 80th meridian (West) during the month of February 1957 are 
presented in Figures 1 through 3. 

2. These measurements are being carried out as part of the United States Naval 
Research Laboratory program of atmospheric radioactivity studies. They are be- 
ing made with the assistance of the Meteorological services of Chile, Ecuador 
and Peru and in cooperation with the United States Weather Bureau, Depart- 
ment of Commerce. Partial financial support is provided by the Division of 
Biology and Medicine, United States Atomic Eenergy Commission. 


I. H. Buiirrorp, Jr. 
L. B. LocKHART, Jr. 
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Ficure 1.—Daily record of fission product B-activity collected by the filter method, 


February 1957 


{In d/m/cu. ft.] 








Ficure 2. 


Day Punta 
Art Ss 

ee ae ee 0 

Bxlied 1] 

3 hs 0 

ee: ( 

5 o--++<- ) 

Ueastatcnoned 0 

Dwtisowed (‘) 

Be 14 

a ee ei ee es Vabaets 

Palak 0 

eS (}) 

he eee tote ares 60 

Sak. daguemans 5 

1t ( 

PO anita bela ( 

3k 

17 ( 

IIE scl isicise chaste as iat Rew 

19 60 

20) ( 

21 0 

ea ee 210 

eal, Wai caiaies 14) 

24 260 | 

Maem aeah 0 | 

PS e 0 | 

TE icine tania () 

Pncaphnn ameeaas 220 | 
| 

1T? 


2 Combined collection, 


Santiago Lima Guayaquil 
MO ak ic 
Es see 0. 028 
Gt Uxeini actin O12 
012 (2) 2085 
024 | oO . OO 
012 (2) O08 
009 ) O12 
.008 (*) 005 
. 008 (*) Se 
QU. Gatien ck dee | hs 
es ee ee OU 
O10 (2) 
.0t0 ( .013 
O12 ce a aah i ott ; 
ge Bide we et ee ae , 
00 ! , 
eX s aN 
of - 00S 
fl De ee | Oo 

f 1 ‘ ; 
ge tnangeded— 2x eC 

a ‘ (- 

at ae . 012 
aX ae O18 
o it ae of “ 
RG is oars 000 
at a Reset Ol 
Ag Pee eee .024 

Prace 


Daily record of fission product B-activity colle 


method, February 1957 


Panama, 
C. Z. 


0. 028 | 
. 032 | 
040 | 
043 
037 | 
050 | 


052 


«| 


| Washington, 


D. ¢ 


0. 020 
1,030 
1.030 
1,030 
O71 
O84 
. 042 
- 028 
1.042 
1.042 
1,042 
- O81 
04 


= wee om sim sm OF 
Scncrcaa& 


o=—— 
ie on 





[fn d/m) 
Sa ) Lima Guayaqui Panama, Washing ton 

C. Z. D. ¢ 

0 6 140 () 
0 i. 140 170 
0 0 (1) 40 2170 
( () 0 ) 2170 
0 0 0 5O 890 
0 0 ( SO 580 

0 0 0 () Q) 
0 0 | 0 0 70 
0 0 0 0 48) 
0 io 0 &o is) 
0 0 0 0 | 2 480 
0 0 | 0 0 950 
0 0 | 0 80) 320 
0 () 0 60 70 
0 (Q) () () 730 
0 0 (‘) a) 262% 
eS tees | 0 170 | 2 620 
0 50 | 0 SO 2620 
0 (‘) 0 gO 1. 800 
0 () 0 260 | 1,010 
0 60 0 0 | 570 
0 | 0 0 | 0 |} 2140 
0 | 0 0 | 0 | 2140 
60 60 0 |} 0 | 2140 
0 () 0 | 0 | 2 140 

0 0 60 | ( | () 
0 5) (1) 0 | 0 
0 | 100 | 0 | (1) 60 

| | 
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Figure 3.—Daily record of fission product p-activity collected by the gummed 
paper method, February 1957 


| [In d/m/sq. ft.] 








Day Punta Santiago Lima Guayaquil em —— 





Re race OG) ei feoee re 0 | 0 (1) 3 80 
RTO Ol ae 0 @) | (0) () 
Mi sneapamonnaeaischfoanmimeasibinnt bones tdoineeese () ee (') 60 
Rit actetiaasea ice hae eet 0 0 50 () 
eS. c 5-6. cases Dilvctescccdeeens (1) 0 | (1) 120 
i RA dkcitae te Kocenccneetcls AP cic ante mae 0 0 | (1) 240 | 
Bion ocninetexees Gite a lscnaeeectootesaneseees 0 | 0 2 40 
Meee Oilsc no see () 0) (1) 2 40 
ice oh esos Oe 0 0 0 170 
; ee ey Eileeoitaweees (1) 0 | () 230 
A iccrimrnaccitbe it! > - igésdebereants 0 | 0) 0 72 
| tech ease Cl) esis eee 0 | (‘) 0 (12) | 
| Dictweseauiceccte a TR eee ee tt) Q) 0 (i) 2) 
| () (2) 
0 (12) 
120 
0 120 
190 











1 Trace. 
2 Combined collection. 


(Following is an article by Dr. Patterson and Dr. Blifford of the 
Naval Research Laboratory.) 


[Reprinted from Science Magazine, March 3, 1957] 
ATMOSPHERIC CarBon-14 


According to Libby,’ most of the neutrons which escape into the surrounding 
atmosphere from an atomic or thermonuclear explosion interact with the nitro- 
gen of the atmosphere to produce C* through the nuclear reaction. 


N“+n>C"+H? 


Because of the extensive use of C* dating techniques, small additions of this 
material to the atmosphere may be important. 

Libby? further estimates that, even to double temporarily the atmospheric 
radiocarbon content, megatons of fission of the order of 1000 would be required. 
With the measurement techniques now in use, it is possible to make measure- 
ments of the present equilibrium level of C“ in contemporary biological materi- 
als to an accuracy of approximately 1 percent. From these considerations it 
seems probable that only thermonuclear explosions will produce sufficient C™* 
to give measurable increases. 

On the assumption that any C™* formed in weapons tests would be present in 
the air as CO,,’ collections of this gas from the atmosphere were begun in 1952. 
A vacuum pump was used to draw filtered air through a solution of sodium 
hydroxide (80 g of NaOH in 2 gal of water) at a flow rate of 10 to 12 lit/min. 

At the end of the collection period, the solution contained 15 to 20 lit of CO, 
as Na:CO;, which was precipitated as CaCO; by the addition of CaCl. The 
precipitated calcium carbonate was separated by decantation and filtration, was 
dried, and was placed in sealed containers. By drawing the air through two 





1W. F. Libby, “The radioactive fallout and radioactive strontium,” speech delivered at 
Northwestern University, Evanston, IIL, 19 Jan. 1956. 
2W. F. Libby, Radiocarbon Dating (Univ. of Chicago Press, Chicago, IIL, ed. 2, 1956). 
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collecting bottles in series, the efficiency of collection of CO, from the air was 
found to be appreximately 80 percent. 

The counting technique employed was that developed by Suess,® in which the 
carbon-containing material is converted first to carbon dioxide and then to puri- 
fied acetylene. The acetylene is used as the counting gas in a well-shielded pro- 
portional counter with an anticoincidence arrangement for reducing the cos- 
mic-ray background. It was found that excellent stability and good repetitive 
accuracy could be obtained over periods of a year or more. 

We were fortunate* in obtaining small quantities of strontium carbonate 
prepared from fossil carbon (lignite coal) and from contemporary carbon which 
had been measured previously. These samples were converted to acetylene and 
served as standards for all of our measurements. For each of the experimental 
values reported here, the counting rate of the atmospheric carbon was com- 
pared with two measurements on the contemporary carbon standard and with 
two measurements on the fossil carbon standard. One standard measurement 
was made within 3 days before, and the other within 8 days after, the sample 
count. In some cases, the reported values were derived from more than one 
measurement, and in other instances two completely separate samples were 
prepared from the same atmospheric carbon. All of the errors shown were 
computed from the total number of counts and are expressed as the 9/10 error 
in this quantity. 

In order to test the reproducibility of the entire process, three simultaneous 
atmospheric carbon samples were collected and separately processed. The count- 
ing rates obtained were well within the expected statistical error. 

By means of the afore-described techniques, four 1-week samples collected 
during the period from October to December 1952 in French Morocco and feur 
similar collections in Alaska gave average values for the sample/standard ratio 
of 0.97+0.01. Four samples collected at Washington, D. C., during this same 
period gave an average of 0.95+0.01, while three collections made in the Hawaiian 
Islands and three in the Philippine Islands gave average sample/standard ratios 
of 1.00+0.02. In no case did the C“ content of the atmospheric sample exceed 
that of the standard. The lower values (particularly at Washington, D. C.) are 
believed to reflect the dilution effect of the burning of fossil fuels. 





*H. FE. Suese, Science 120, 5 (1954). 

We wish to thank M. Rubin, for supplying the standard samples; L. B. Lockhart, Jr., 
KM. Friedman, and R. A. Baus, for helpful discussions ; Paul Gustafson, who assisted in the 
preparation of some of the samples ; and the Naval personnel who collected the CO, samples. 

5H. E. Suess, Science 122, 415 (1955) ; the sample ef contemporary carbon was prepared 
from wood grown*before 1900 and was sample number W-214, Table 1, of this reference. 
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Fia. 1.—C™ content of atmospheric COz samples collected at Subic Bay, Philippine 
Islands. 


We were able to obtain CO, collections from the Naval station at Subie Bay 
in the Philippine Islands during the thermonuclear tests of 1954. They are of 
interest, since it was possible to measure simultaneously the ground-level con- 
centration of fission products. The direction of the winds below 20,000 feet from 
the Pacific proving grounds was such that the observed radioactivity should have 
been the result of low-altitude fission debris. The counting rates of atmospheric 
carbon, referred to standard carbon, for CO, samples that were collected from 
January to July of 1954 are illustrated in Fig. 1, along with the relative fission- 
product concentration for the same period. It is clear that the concentration 
of C* did not increase as markedly as did that of the fission products. How- 
ever, it does appear that it was somewhat higher after the tests than at the time 
of the 1952 collections. It is possible that most of the C* which was formed was 
entrained in the hot gases of the fireball and injected into the stratosphere so 
that relatively little was present in the ground-level cloud. 

In Fig. 2 are shown the relative atmospheric/standard carbon counting rates 
from collections made in Washington, D. C., from January 1955 to February 
1956. Samples collected in the months of May through November 1955 were 
significantly higher than the standard in C“ content and, in one instance, as 
high as +18 percent. The fact that the concentration was at a minimum dur- 
ing the colder months may indicate a seasonal decrease, resulting from reduced 
plant transpiration and the burning of fossil fuels. Almost all of the measure- 
ments gave higher values than these of October-December 1952. 
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Previous measurements of atmospheric C“ by Kulp* indicated no significant 
deviation from contemporary wood for 12 samples collected under a variety of 
conditions. Rafter,’ on the other hand, found that four CO, samples collected in 
New Zealand in 1954 and 1955 had higher concentrations of C“ than had con- 
temporary wood (+4.7 percent for one sample). Our collections at Washington, 
D. C., during the summer of 1955 gave values for the C“ content of atmospheric 
CO, appreciably higher than those previously reported. It seems difficult to 
account for these high values on the basis of isotopic fractionation, and there- 
fore the increase in the C“ content of atmospheric CO, from 1952 to 1956 is prob- 
ably the result of the addition of radiocarbon from thermonuclear sources. 
The delayed appearance of the C“ increase at ground level may indicate a 
stratospheric reservoir of this isotope, 

R. L. Parrerson, Jr. 


I. H. Buirrorpb, Jr. 
U. 8S. Naval Research Laboratory, 


Washington, D. C. 

Representative Horrrrecp. Our next witness is Dr. J. L. Kulp, 
Columbia University and Lamont Geological Laboratory. 

Dr. Kulp, we are happy to have you before the committee this morn- 
ing. 


°J. L. Kulp, Quart. Progr. Repts. Lamoe!l Geol. Observatory Nos. 9, 10, 11 (15 Jan. 1953). 
‘7. A. Rafter, New Zealand J. Sci. Technol. B37, 20 (1955). 
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STATEMENT OF DR. J. L. KULP, COLUMBIA UNIVERSITY AND 
DIRECTOR, LAMONT GEOLOGICAL OBSERVATORY? 


Dr. Kure. Thank you Mr. Chairman. 

With Dr. Eisenbud’s permission, I would like to use two of his 
charts. 

In my opinion, the strontium 90 problem can best be divided into 
three phases. Phase 1 is the definition of the present level of stron- 
tium 90 in human beings. 

The second phase is the determination of the factors which bring 
about this particular level, because, as we determine these factors, it 
then becomes possible for us to predict for any given future situation 
how much man will get into his body. 

The third phase of the strontium 90 problem is the biological aspect 
of exactly how much injury will occur from various levels of radiation. 

Since 1953, we at Columbia University have been engaged in a 
research project sponsored by the Atomic Energy Commission, in 
which we have been addressing ourselves to the first two of these three 
phases, and it is of these two that I wish to speak this morning. 

Primarily, I will be speaking about phase 1, namely, the present level 
of strontium 90. I will have a few things to say about the distribu- 
tion factors, but Dr. Eisenbud has already covered much of this. 

Now, to set the framework for this discussion, I would like first to 
write down these units again. 

In terms of micromicrocuries of strontium 90 per gram of calcium 
1,000 is the present accepted maximum permissible concentration for 
an industrial worker. It is recommended that for populations that this 
be a hundred micromicrocuries. 

The reason I would like to put these down at the outset is that we 
will continually refer to the levels in man, various men, various ages, 
in various countries, relative to these numbers. So we need to have 
them clearly in mind. 

The 1,000 value is the industrial level that is now accepted by the 
National Committee on Radiation Protection, and the 100 value is 
the recommended level for population. 

Our study to date has involved the analysis of about 1,100 human 
bone samples. These human bone samples have come from 25 sta- 
tions all over the world and range over a maximum of geographical 
and dietary types, These localities range from Chile to various places 





2 Date and place of birth: February 11, 1921, Trenton, N. J. Education: B. S., Wheaton 
College, 1942; M. S., Ohio State, 1943; M. A., Princeton, 1944; Ph. D. (chemistry), 1945. 
Work history: Chemist, National Aniline Division, Allied Chemical & Dye Corp., Buffalo, 
1942; teaching fellow, Princeton, 1944; physical chemist, Manhattan project, 1944-45; 
Kemp fellow, Columbia, 1945-46; university fellow, 1946-47; lecturer, geology and chem- 
istry, 1947-48; instructor, 1948-50; assistant professor, 1950-52; associate professor, 
1952; instructor, King’s College (Delaware), 1944-45; visiting lecturer, Nyack Training 
Institute, 1946-50; professor, Shelton College, 1947-52; geochemist, Kennecott Copper 
Co., 1946; Gulf Research & Development Co., 1947; geophysicist, petroleum institute proj- 
ect, 1948-49; consultant, Hofman Laboratory, 1946-50; geochemistry surveys, 1949; 
Humble Oil Co., 1952-53. Member: Committee on Geological Time; National Research 
Council; association committee fundamental geochemistry, National Science Foundation, 
1954; consultant for USAF, 1954; Army Ordnance Corps, 1954; Esso Standard Oil Co., 
1953-56; Isotopes, Ine., 1955-56; distinguished lecturer, A, A. P. G., director, geo- 
ar laboratory Lamont Geological Observatory, 1954—A. A. (Cleveland award, 
1951) ; chemistry society fellow, geological society ; fellow, miner society ; physical society ; 


Association petroleum geology ; Geophysical Union, Physical chemistry; radiochemistry ; 

geochemistry of trace elements; nuclear geophysics; age determination of geologic mate- 

rials, chemistry, and structure of clay minerals: differential thermal analysis ; absorption 

eens geochemistry of ore deposits; fallout of atomic debris, (Submitted by 
ness.) 
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in the United States, Japan, Taiwan, India, and various sites in Eu- 
rope. 

I would like to break down the discussion of this data as follows: 

First, to mention the age distribution for a given locality; secondly, 
the current lev els, the current world av erage levels; thirdly, the change 
of these levels with time; fourthly the change with geographical 
locations; and finally, the chi ange with diet and other factors, 

First, then, the age distribution. 

For any given locality, whether it be New York City or Santiago, 
Chile, if we plot the strontium 90 concentration against the age we 
observe that there is a peak at approximately 5 years which then falls 
off and is level from 20 years through 60 and there is an indication of 
a slight increase above 60 years. So we may divide this curve essen- 
tially into these important parts: 

Part A represents the beginning of equilibration of a young child 
with his diet. Bones are beit iw formed r apidly in this range of zero 
to 4 years, and the child is getting most of his calcium from milk, at 
least in western civilization. The child is nearly in equilibrium with 
the milk of his diet. 

Secondly, there is a period of dilution where from 4 years to maybe 
20 years you are still building a certain fraction of the calcium inte 
vour bone. Thirdly, you have the average adult range, where essen- 
tially we are not building much calcium. So the uptake from stron- 
tium 90 is about the same whether you deal with a 25-year-old or 
60-year-old person. 

Then, due to various physiological processes for very old people 
there seems to be a very slight increase due to bone turnover. But 
this is the general pattern you get no matter what locality you are 
dealing with. 

This curve will be shifted up and down depending on the fallout 
end the diet at that particular locality. 

The difference between the young children and the average adult 
is about a factor of 7 or 8 in most cases. 

Now, I wish to confine most of my remaining analyses to these two 
groups. 

These data [indicating] refer to the adults, the 20 to 60 group, 
which are quite consistent everywhere we have studied, and the young 
children, zero to 4, because these are closest to the equilibri ium with 
the diet. The children therefore give us the best measure of what 
the whole population will reach some day. Quite clearly this level 
will continue to rise as the bones of adults equilibrate with the en- 
vironment, but they are doing it very much more slowly because of 
the large dilution of the dead bone which we have in our bodies pre- 
1954. 

Next, what the are current levels worldwide? 

The current levels for people who died in 1956 are as follows: 

For the world, we have 2 categories, zero to 4, and the 20 to 
60. We will consider the world, the North American average, and 
Chile. 

The reason we use Chile rather than a South American average is 
simply at the moment we have a very large number of samples from 
here. So the statistics are good. 

These results, based on approximately 400 samples, range as fol- 
lows: 0.52; 0.70; 0.21; 0.08 ; 0.09; 0.04. 
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Now you will see immediately two things: 

There is a factor of 7 or 8 between the children that are nearly in 
equilibrium, and the adults, you see, in North America are higher than 
the world average. Also North America is higher than Chile by about 
a factor of 4. 

This is a very important fact because the difference between North 
America and Chile in the actual content of human bone is only differ- 
ent by about a factor of 4, or in the case of adults about a factor of 2. 
Yet is is quite clear from the soil data and the gummed paper data 
which Dr. Eisenbud presented that there may actually be a factor of as 
much as 5 or 10, in terms of fallout, between Chile and New York. 

What are the reasons for this discrepancy ? 

The reason is that in our mechanized modern society, we bring food 
from considerable distances, and so the food tends to be pooled, and 
a particular single soil sample may not be representative at all of what 
the population is eating in that area. 

A much more significant measure of what they are eating is the 
measurement of the milk consumption, as Dr. Eisenbud’s laboratory 
has so completely done. 

So we find that the geographical distribution is much more uniform 
than we might expect, and this is somewhat in disagreement with the 
emphasis of Dr. Machta yesterday of the differences between various 
places in fallout, but this is again a second order effect. 

Next I would like to say something about the change with time. 

We have a number of measurements which show the gradual increase 
of strontium 90 in human bone as time has proceeded from 1953 to 
the present. 

I would like to give simply three illustrations of this. 

The first illustration is that of New York City adults. In 1953, the 
average was about 0.04. In 1954, it was 0.07, and in 1955, it was 0.11, 
and in 1956 it was 0.13 micromicrocuries per gram of calcium. 

So you see again, this general increase. However, as you note, this 
increase may be a factor of 3, whereas the milk shows a larger factor, 
posibly of 6. This is due, in part, I think, to this lag of equilibration, 
that is, the equilibration does not quite keep up with the change in the 
diet. 

If we take quite a different case, that of Swiss children, in 1955 we 
find a considerable change, although the number of samples is limited 
to about a dozen, going in 1955 from 0.50 to in 1956 1.02. This again 
is for the zero to 4-year-olds. 

Finally, to illustrate the change with time, I would like to take world 
averages for all children zero to 4 and compare 1955 with 1956: 

In North America, 0.57 to 0.70; 

In South America, 0.27 to 0.38 ; 

In Europe, 0.40 to 0.42. 

The overall worldwide average rose from 0.43 to 0.52. 

This is the world change from 1955 to 1956, and it essentially means 
a 20-percent increase in the worldwide average from 1955 to 1956. 

How do we explain this? , 

There is a considerable lag, of course, between the concentration of 
strontium 90 in the body and the time strontium 90 falls out. It is 
observed that in 1954 and 1955 the curve did not change; it is almost 
level. This was due in part to a very large increase in the Castle tests 
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of 1954, and then a leveling out. So this difference of only 20 percent 
is reflecting in part this rather level period. 

Actually we do not have any measurements on children that are 
anywhere near equilibrium with this number. 

One further word about geographical location. 

The main thing to be said about geographical location, I think, is 
the amazing unifor mity, the striking uniformity worldwide. Of our 
25 stations, the maximum difference is a factor of 3 between the average 
zero to 4 children, let’s say, in Chile and, maybe, Zurich, Switzerland. 
So that the maximum range in urban centers is very much less than 
the range in total fallout. 

One other point on geography regarding the chairman’s question to 
Dr. Eisenbud on Japan, and that i is the aver age for Japanese children 
away from the atom-bombed area, is somewhat lower than the United 
States, consistent with the lower ‘soil and fallout information. 

Now let us consider the distribution around the mean. 

It has been pointed out by a number of scientists that simply giving 
these average values does not tell the whole story, because even though 
the average value for children in North America, 1956, is only seven- 
tenths of a unit as compared to 100 units, nevertheless there is a ques- 
tion as to what is the distribution around this mean. 

Clearly, if the distribution is very broad, then you may have an 
appreciable number of children that are very much higher than this. 
Therefore, I would like to consider what this distribution actually 
looks like, and what are the reasons for this distribution. 

In order to do this, I would like to plot 2 curves, 1 for Swiss and 
Boston children, and 1 for German and British Columbia adults. 

Chairman Durnam. Do you mind a question at this point? 

Dr. Kur. No, sir. 

Chairman Durnam. I believe yesterday we had evidence, of course, 
that the actual fallout of strontium 90 was nonuniform. 

Dr. Kure. Right. 

Chairman Duruam. As I read your statement there, and analyze 
it, it is the fact that the analysis is uniform to a certain extent. 

Dr. Kur. It is more uniform. 

Chairman Duruam. How is that? 

Dr. Kur. It is more uniform. 

Chairman Durnam. More uniform? 

Dr. Kur. Right. And the reason for this, I believe, is that, as 
we have shown in some independent experiments at Columbia, 
virtually all of the fallout comes down with rain, and you do not 
grow agricultural crops in a desert. So this helps to equalize the 
situation. Secondly, foodstuffs are transported great distances. Even 
some South American countries eat some wheat produced in Canada. 

Senator Anprrson. Doctor, your statement that you do not grow 
agricultural crops in the desert. Are you at all familiar with 
irrigation ¢ 

Dr. Kutp. Yes, sir. 

Senator Anperson. Do you know whether or not the State of 
California has moved ahead as one of the largest of the agricultural 
cee and, roughly, about how much of the agricultural produce of 


California comes from irrigated areas in Fresno, Salinas, and places 
like that? 
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Dr. Kutr. Yes. I was coming to the point, if you will give me 
just a minute. 

Senator Anperson. As long as you have it in mind. 

Dr. Kutp. This, of course, is largely truck farming, and other vege- 
tables and fruits, rather than wheat. 

Senator Anprerson. People eat this so-called truck, do they not? 

Dr. Kur. Oh, yes. I wish to come back to this point. It is a 
rather interesting one, and it shows something quite unexpected and 
quite favorable. 

Senator Anperson. You said you were going to deal with some 
Swiss and Boston children, and some German and British Columbia 
children ¢ 

Dr. Kutr. Adults. 

Senator Anperson. Adults? 

Dr. Kure. Yes, to look at the distribution around this mean we 
are talking about. 

Senator Anperson. We will get to the point later sometime, but 
did you make a study of bones in British Columbia ? 

Dr. Kur. Yes, sir. 

Senator Anperson. Did you find one of those that had very much 
greater deposit of strontium 90 in his bones than was normal? 

Dr. Kutp. Yes, sir. 

Senator AnpErson. Seventy times as much? 

Dr. Kup. Yes, sir. 

Senator Anperson. Did you discard that sample? 

Dr. Kutp. We did not discard it. We looked at it with a jaundiced 
eye, because the sample was measured in the very early stages of the 
work, and it was an extremely small sample. 

Senator Anperson. A jaundiced eye is a diseased eye. [Laughter.] 

Why not look at it with a good eye? 

Dr. Kutr. A critical eye might be a better statement. The fact of 
the matter is—— 

Senator Anprerson. Why not look at it with an impartial eye? 

Dr. Kur. Impartial or critical is fine. 

Senator Anperson. But they are not alike, are they ? 

Dr. Kure. Impartial and critical ? 

Senator Anperson. Are they exactly alike? Well, never mind. I 
am only hopeful we might look at it with an unprejudiced eye. Put 
it that way. 

Here is 2 sample that is 70 times greater 

Dr, Kutp. That is right. 

Senator Anperson. Than any other sample you have had. So you 
say, “We wiill throw that one out.” 

Dr. Kuir. No. I am very careful not to say we throw it out. 

Senator AnpErson. What do you do with it? 

Dr. Kvtp. In our scientific report, the first report of this data, we 
were careful to include it. 

Senator Anperson. Did you evaluate it fully or give it a smaller 
rating than something else? 

Dr. Kurr. No. It was clearly stated as a particular determination, 
and it was pointed out that although there is always the possibility of 
a single determination being in error, there is also the possibility, 
since we are dealing with the statistical phenomena, that this might be 
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areal high number. It seems very unlikely as more data has amassed, 
because we get nothing else like this with better samples and better 
techniques and the diet of the North American would not include any- 
thing that we know of that would lead to such a high value in an in- 
dividual. Nevertheless, we cannot dismiss it, because we have checked 
back with the laboratory notebooks, and there is no excuse for throw- 
ing it away. 

Senator Anperson. Of course, when the atomic bomb fell on Japan, 
they had never seen anything like that, either. 

Dr. Kurpe. That is right. 

Now, if I may proceed with these two distribution curves. 

First, we will have the Swiss and Boston children. Interestingly 
enough, these two groups of children in 1956 have identical averages, 
and almost identical distribution curves. 

We have the number of cases on the vertical ordinate and the hori- 
zontal obscissa is the strontium-90 in the units of micromicrocuries 
per gram of calcium. 

Now, the distribution curve looks something like this (fig. 1). In 
other words, the initial portion of the curve is a very normal sym- 
metrical sort of athing. It has a peak at around 6 of these units, and 
it comes down to about 1.2. Then there are a few samples up as high 
as the highest value of 2.2. 

Now you get the identical curve from both Boston and Zurich. The 
age distribution is from zero to 9 years here. So far as we can tell 
there is nothing unusual about either locality. 

Now I would like to superimpose on this the curve for these adults, 
which is quite different in character, and then I will try to explain 
what I think is the reason for this difference (figure 2). 

(The graphs referred to follows :) 
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Dr. Kure. The adult situation is closer to this on a different scale. 
The horizontal scale extends to about 0.2 instead of 2. 

The reason for these variations are due to three sources: First, dif- 
ferences in diet. 

This tends to be averaged out in a metropolitan community. 

Secondly, you get some slight differences, due to age, but this is 
restricted here to 9 years. 

But finally, the most important reason for variation of this kind is 
due to individual variations among the bones of the body. For exam- 
ple. if you take 2 ribs, 1 rib may have as much as twice the strontium 
J) as another rib in an adult. Ina child you do not get as much varia- 
tion, because the child is almost in equilibrium. In other words, every 
bit ef bone that is being built is very similar to the next bit of bone as 
far as the strontium 90 to calcium ratio is concerned. Whereas in an 
adult you may have a large section of bone which is not active at all, 

another section where it is quite active. So if you were to break up 
the bone, you would find an irregular distribution of strontium 90 in 
the bone. 

We have done quite a few siudies in an attempt to see what this 

variation is like, and we find that in children the variations from one 
bone to another generally do not exceed maybe 20 or 30 percent. Thus, 
we would expect a more symmetrical and narrower distribution in the 
case of children than in an adult. 

You see the mean here is 0.6, Then the distribution around the 
mean is only about plus or minus 50 percent. 

In the case of the adults, however, you have this large variation 
from one bone to another, and thus you observe a symmetrical curve. 
The mean develops a tremendous tail (see figure 2), due to the large 
variations from one bone to another. 

The conclusion we draw from this is that it could be more desirable 
to analyze whole skeletons which we are now doing in 200 cases in 1 
locality. Obviously in this sort of business it is diflicult getting the 
proper samples. But in view of the fact that even the Atomic Energy 
Commission or the contractors cannot indulge in grave-robbery, it 1s 
not possible everywhere in the world to get the whole body sample, 
which is the ideal sample. ‘Thus we must take the individual bones 
and understand how much they vary. 

We believe that the variation is quite narrow for a given locality, 
and that the variation we are observing in the adults is largely due 
to variations from one bone to another. 

We conclude, then, that so far as the present concentration of stron- 
tium 90 in man is concerned, that in urban populations the spread is 
very narrow; that it probably does not greatly exceed the normal 
variation in ordinary strontium to calcium. 

Next, I would like to say just a little bit about the eycle of stron- 
tium 90, in particular with reference to some original work which 
we have done at Columbia. 

In the past year we have measured all of the rains which have 
fallen in the area, and we have calculated the strontium 90 fallout 
per square foot as brought down by rain. We have also computed by 
measurement the strontium 90 per square foot that has been added to 
the soil of the New York area. 

These two numbers agree rather well, and indicate that during the 
last year or year and a quarter about 10 millicuries per square mile 
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have come down. About three of these are probably due to strato- 
spheric drip, and much of the rest is due to Russian testing. At least 
we did not repott any testing during that period. 

The present level in the United States—— 

Senator Awperson. So that a third is from what has been tested 
previously, and two-thirds came from the recent tests of the Russians? 

Dr. Kutr. Apparently, or at least half. Let’s be more conservative, 
and say at least half in the last year seems to have come from tropo- 
spheric fallout from Russian testing. 

Senator Anperson. You used the figure of a third of it came from 
drip, you said, from the stratosphere. 

Dr. Kup. Yes. 

Senator Anperson. And you thought the rest was from the Russian 
testing. 

Dr. Kutr. We did obtain from some carryover, probably, from our 
own testing. 

Senator Anperson. Is not that important to us, to try to evaluate 
that also ? 

Dr. Kutr. Yes. 

Now, the next thing that we should point out, is that the average 
in the United States at the present time is, say, 25 to 30 millicuries 
per square mile, as Dr. Eisenbud has shown here; and that at the pres- 
ent rate of drip from the stratosphere we are adding a little bit more. 
If there is no more testing, we are adding a little bit more stron- 
tium 90 than is decaying away. 

Senator AnpErson. That is somewhat important. You say if there 
are no further tests, the present rate of drip would give us a little 
more strontium 90 than is decaying away ? 

Dr. Kutr. Foratime. And then eventually —— 

Senator AnpErson. Well, can we state that for the present, at the 
present time that is happening? So that if there is testing going on, 
we are substantially adding, then, are we not, to the amount of 
strontium 90? 

Dr. Kur. That is correct. Before finishing, I would like to com- 
pare these figures of varied predictions. 

Senator Anperson. The statement has frequently been made, that 
we would be all right if we could keep a balance between the stron- 
tium 90 coming down to us from the stratosphere, plus the carryover 
from our previous tests, plus current testing as against the rate of 
decay. 

Dr. Kutp. Right. 

Senator Anprerson. And if we are not adding to it at any greater 
rate than the rate of decay we were all right. We were in balance. 
But it is your testimony that if we do not test any more, we will still 
have a greater drip, as you call it, than the rate of decay ? 

Dr. Kur. Slightly greater; yes. 

Now, the next thing we must do is to examine what these discrimi- 
nation factors are in going from the food all the way to man. 

Representative Horirretp. At this time, Dr. Kulp, I am going to 
ask you to look over the transcript, after you have received it, and pre- 
pare the charts you are referring to, so that we can have copies of them, 
and have them printed in the record at the appropriate place. 

Dr. Kutp. Yes. 
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Representative Horrrrerp. Otherwise, your testimony in referring 
to these charts which you write on the board and the rates, will not be 
included. : 

Dr. Kup. Let us consider vegetation in general, for a moment. 
There are two routes of strontium 90 in vegetation to man. One 
route is through fodder to the cow, and then to the man through milk. 
Discrimination against strontium 90, considering strontium 90 per 
gram of caleium—the discrimination against strontium 90 in this step 
is about 7. The discrimination against strontium 90 in going from 
fodder to the cow’s milk is a factor of about 7, as determined by Dr. 
Comar of the Oak Ridge Institute, and several other workers. The 
discrimination from cow’s milk to man’s bones appears to be about 2. 

Senator Anpverson. Can we understand what a factor of about 7 
means? 

Dr. Kur. It means that the strontium 90 per gram of calcium is 7 
times less in the cow’s milk than it is in the feed for the cow; and it 
means that the strontium 90 per gram of calcium in deposited human 
bone is half what it is in the milk which the human consumes once the 
human is at equilibrium. 

Now, there is another route through which strontium 90 can come to 
us from vegetation, and that is our other direct vegetable sources. 
Meat contributes very little strontium 90. Drinking water contributes 
very little. But we can get, in principle, detectable and significant 
amounts from other sources of food. 

Just within the last 6 months, we have begun a measurement pro- 
gram, attempting to analyze all varieties of frozen foods, such as those 
which come from the Imperial Valley of California. Somewhat to 
our surprise, we found that the strontium 90 per gram of calcium is 
very much lower in these vegetables than in fodder. 

Reflection on this, of course, made us realize that the cow’s fodder 
by and large consists of grasses that utilize the top few inches of soil, 
whereas the truck-farm vegetables commonly have deeper roots and, 
furthermore, the truck farms are very carefully nutured and calcium 
is added to the soil. So whereas the cow’s fodder is now on the order 
of 40 to 50 micromicrocuries per gram of calcium [indicating], and the 
milk is on the order of 5, the truck-farm vegetables are averaging 
about 6. It turns out that when you eat these kinds of vegetables, 
the discrimination is not 2, as it is with milk, but fortunately it is 4. 
Therefore, at the present time, about 80 percent of the child’s calcium 
comes from milk and dairy products, and at least half of the calcium 
of the adult comes through this route, even for a real coffee drinker, 
nevertheless, almost all of the strontium 90 is coming via this route 
[indicating }. 

If, however, the truck farm vegetables were as high as the grasses, 
then the vegetables would be our major source of strontium 90. 

Actually our main strontium 90 source is milk and milk products 
[indicating], even though it is discriminated against by a factor of 14. 
Most of the strontium 90 is coming from this route [indicating]. 

Representative Horirietp. How does this pattern differ when you 
consider vegetation and vegetables and fodder and intake and uptake 
and so forth, from an area where it has plenty of rainfall as compared 
to an area that is irrigated, such as Imperial Valley? Is there a differ- 
ence ? 
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Dr. Kuur. Actually, the Imperial Valley, for the same kind of veg- 
etable, would be a lot lower. 

Representative Hotirrevp, You say a lot lower. Have you tested 
vegetables in milksheds, the New York milkshed, for instance; New 
Jersey? There are a lot of vegetables raised there, and I think they 
depend more on rainfall than they do on irrigation. 

r. Kur. This program is only begun, but we have about two sam- 

= from the irrigated area of California, and we have several from 

faryland, some of the Maryland truck farms. And the California 
ones are lower. But both of them compared to the milk are lower. 

Representative Horirietp. In other words, the milk is higher in the 
rainfall areas and the vegetables are higher in the rainfall areas. Do 
you have enough data in order to give us what the degree is instead of 
the word “lower”? Do you have enough data? 

Dr. Kur. No; I do not think we have enough data to say anything 
beyond that it may be as much a factor as 5 lower. 

Representative Horirretp. In another statement we have here, the 
rainfall data for Brawley, which is in Imperial Valley, in 1955 was 
1.70 inches. You see that is very low. I suppose in this area it would 
be around 40, maybe 45, would it not ? 

Dr. Kur. Yes. 

Representative Horirretp. And the rainfall does bring out of the 
atmosphere, according to your own testimony—it is the primary fac- 
tor in bringing down radioactive particles, prime particles. There 
would be a sharp difference, I would suppose. 

Dr. Kur. Yes; and this is the reason Dr. Eisenbud was saying why 
you can get extremes on the low end, but you do not get any extremes 
on the high end. The maximum fallout, due to the 40 to 60-inch rain- 
fall, is up to 100 or 150, which is only a factor of 2 higher than the 
average. But you can go down an inch or less than an inch of rainfall 
in desert area which is lower by the factor of 40. 

The next thing I would like to do as far as strontium 90 in man is 
concerned, is stick my neck out on a few predictions. 

Again I would like to refer to these values 

Representative Hotirretp. When you say “these values,” the record 
will not show what you mean. 

Dr. Kur. The thousand micromicrocuries of strontium 90 per 
gram of calcium for the industrial permissible level, and the 100 which 
is recommended for general population. 

As far as adult man is concerned, in 1956 he has about one-tenth 
of a unit, which is 1,000 times less than this 100, or whatever the ex- 
perts will make it this next week. Our job is to try to determine what 
is there. 

Secondly, the children, worldwide, in 1956, are about 0.5 and in the 
United States about 0.7. 

I would like to divide this now into two groups because we will 
predict both for the United States and for the world. 

So far as the United States is concerned, the present children are 
about 0.7. The average world is about 0.5, with, of course, Chile being 
lower than that. 

Now, let us ask a question. We know these are not in equilibrium, 
The first question is: If there is no more testing, and everything comes 
down, and we all reach equilibrium, what will these numbers look 
like? My prediction is they will be about 3 and 1. 
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Chairman Durnam. When? What date? 

Dr. Kutr. Within 10 years. 

Senator Anprrson. That jumps from 0.7 to a full 3? 

Dr. Kutr. Yes. This is not because we are waiting for three times 
as much to fall out; we are waiting for equilibrium. 

Senator Anperson. That is based on no more testing? 

Dr. Kurp. Correct. 

Senator ANpErson. Just so we can see where we might go, how many 
years did you say that would be—5 ? 

Dr. Kutp. Five to ten years, as we approach this [indicating]. 

Senator Anperson. If instead of there being no more testing, you 
would make a graph of the growth of testing, and how to apply that 
to the figure of 8, what would you bring it to—30? 

Dr. Kutr. I would prefer, if you let me take the next step, which is 
to say what will these numbers be if the present rate of testing con- 
tinues. 

Senator Anperson. And then from that we can interpret what it 
might be if the curve moved up? 

Dr. Kutpe. Yes. 

This is “no testing.” 

a nS ‘ ‘ 

The next step is: What if every 5-year interval from now on we have 
the same amount of testing we have had in the last 5 years? The 
numbers then come up to 24 and 8. 

Senator Anperson, Are we to read that in connection with 100? 

Dr. Kup. Yes. 

Senator Anperson. So they would have a fourth as much? 

Dr. Kurp. Right. 

Senator Anperson. If we happen to have acceleration of tests, as 
we are now doing, and the British get into the picture and the French 
and the Italians, and the Germans and everybody else, it would only 
take a very few years, 3 or 4 at the most, to get that up to the 100, 
would it not? 

Dr. Kuxr. I think anyone can calculate from here for any predicted 
rate what it would be. 

Senator Anperson. I was going to try to give a scientific guess, 
and I was going to have my owicurbstone opinion. But, in any event, 
if it is going to come to 24 if we keep up the present rate of testing, we 
freeze it at the present level, and we know we are moving faster, we 
know it is going up to whatever the maximum permissible level is for 
children ? 

Dr. Kctp. Right. 

Senator Anperson, Thank you. 

Representative Hortrrecp, Let me understand. When do we get 
to the 24—in 5 years, is it? 

Dr. Kcr. No. 

Representative Hortrretp. In how many years? 

Dr. Kutr. This would probably require 50 to 60 years at the present 
rate—every 5-year interval there is the same amount we have had in 





the last 5, and we keep on with this. Then in the year 2010, or some- 
thing like that, we come up somewhere near these values. 
Senater Anperson. If the rate is frozen for 6 years, we come up 
with the rate of 24, but if the present rate of acceleration continues—— 
Dr. Kur. One can make his own computations, 
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Senator ANpERsON. Wet get to a hundred in a very few years. De- 
pending on one’s own calculations. That is right. One man’s guess 
is about as good as another’s. 

Dr. Kuup. I do not think it is a guess. I think we have enough 
data now so we can predict within a factor of 2 what will be for any 
set of circumstances, 

Senator Anperson. Has not someone fed this into the “Maniac” 
out at Los Alamos or a calculating machine somewhere else, to have 
it say if the rate of increase in testing—with the way these new coun- 
tries are getting reactors under the Atoms for Peace program, and if 
they all get in the game, if we calculate all this new increase, all these 
new reactors coming in, and so forth, has not somebody tried to make 
a calculation ? 

You had to use a little bit of mathematics to make the calculation 
of 24 in 6 years. What happens if we increase at the same rate we 
have been increasing in the last 5 years in testing? Has anybody 
tested that or calculated that? 

Dr. Kur. I donot know. Ihave not. 

Senator Anperson. I would suppose there would be somebody that 
would feed it into one of these mechanical brains and try to see what 
it comes up with. 

Dr. Kur. You will have to ask the Commission that, I think, 

Senator Anperson. We will ask somebody that. You have not, in 
any event ? 

Dr. Kurr. No. 

Senator Anperson. It would not be in your field of competence? 

Dr. Kutr. Overall, it is not a diflicult thing to do once basic perim- 
eters are established. 

Senator Anprerson. I would not think so. I would think you would 
have all the information necessary for someone to drop it into a 
calculating machine and get the answer. 

Dr. Kur. I would like to conelude these points 

Representative Van Zanpt. May I ask several questions at this 
point, Mr. Chairman ? 

Dr. Kure. Yes. 

Representative Van Zanpr. In October 1956, Dr. Libby said that 
United States children will eventually accumulate up to 1 percent 
of the maximum permissible concentration of strontium 90. 

Do I understand that this point 7 you have on the board is seven- 
tenths of 1 percent of the maximum permissible concentration ? 

Dr. Kur. Correct. 

Representative Van Zanpr. Then the numeral 3 there represents 3 
percent ? 

Dr. Kutr. Right. 

Representative Van Zanpr. And the 24 represents 24 percent of the 
maximum permissible concentration of strontium 90? 

Dr. Kutr. Correct. 

This data is not in sharp disagreement with Dr. Libby’s statement, 
because a year ago we would have predicted, maybe, 114 here instead 
of 3. The reason it is 3 rather than 1 is simply Soames the Russians 





are quite active and more things have happened. His calculations 
were based on what had fallen out as of early 1956. 
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Representative Van Zanot. Dr. Kulp, you have described the routes 
by which strontium 90 can reach the human body, through vegeta- 
tion and through milk? 

Dr. Kuup. Yes. 

Representative Van Zanpt. What about the human body absorbing 
the radiation from that which is breathed into the lungs? 

Dr. Kutr. This has been studied rather carefully by other groups 
than ours. You can probably get more of this information from the 
men next week. But the conclusion has been that the inhalation haz- 
ard is definitely negligible compared to the ingestion hazard. 

Re; presentative Van Zanpr. What about the particles settling in a 
man’s hair? 

Dr. Kurp. Trivial. 

Representative VAN Zanpr. What about the particles settling on the 
inside of a man’s clothing? 

Dr. Kurr. Trivial. 

Representative Van Zanpt. So the only way that he can really get 
a dose of strontium 90 is through the milk ? 

Dr. Kur. Right. 

Representative VAN Zanpr. Or eating the vegetables? 

Dr. Kuxp. Right. 

We have not discussed maximum man, and this is a very difficult 
problem, but it is also a very important one, probably in the overall 
philosophical consideration of this subject. 

We have talked about average man, we have talked about the dis- 
tribution curve for people living near cities, but we do not have any 
samples that might approximate maximum man. 

We have already said in our earlier discussions that the greatest var- 
iation of curves is due to the variation in the calcium content of the soil. 
Therefore, if we were to imagine a primitive culture where the cal- 
cium content of the soil was extremely low, and where the people of 
that area ate food which they grew only on their own half acre, then 
these people might be very much higher than anything we have been 
talking about here. However, they ‘would have to be quite primitive. 

Even in areas of North America they bring in appreciable food, but 
there are some obscure Indian tribes, of course, in the upper Amazon, 
that might very well live on food from their own village area. And 
this is where maximum man would be found, but nobody has the 
samples yet. 

This variation is not due to differences in fallout; it is due to dif- 
ferences in the calcium content in the soil, and the lack of mixing of 
food products. 

I would conclude, then, as far as the technical remarks are con- 
cerned, that, first, the current levels in man are fairly well defined, 
sufficiently well that I believe that, given any set of circumstances 
you wish to predict for the future, it is possible to compute within 
fair accuracy, say at least a factor of 2 or 3, what the levels in average 
man will rise to. 

The distribution curve for modern urban societies is very narrow 
and, therefore, it is practical to talk about the average value of these 
measurements. ; 

Much of the variation, apparently, can be due to the variation with- 
in the bones. 
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Chairman Duruam. Doctor, that statement is based on the known 
amount of strontium today which exists? 

Dr. Kure. Right. And we do not have the samples of maximum 
man. But certainly this cannot be represented by more than a very, 
very minute fraction of the world’s population. 

Finally, Mr. Chairman, if I might add 1 or 2 words as a citizen, 
rather than a scientist, for the record I would like to note three things: 

First, that I do not think the difference in the opinion of scientists, 
such as Dr. Libby and Dr. Pauling, are anywhere near as great as 
some of the newspaper accounts would lead us to believe. I believe 
that as far as scientifie data is concerned, they are probably in rather 
close agreement. 

Dr. Libby has carefully said, or has pointed out that he is not say- 
ing there is no risk, and Dr. Pauling has admitted that the amount 
of radiation from strontium 90 is a very small fraction of the natural 
background. On these basic facts all are agreed. 

Secondly, I would like to mention that I feel the whole problem 
of worldwide fallout from testing is completely trivial compared to 
the rather seemingly inevitable problem and continuing hazard of nu- 
clear warfare. 

Finally, I would like to emphasize that, if we assume that there is 
no threshold for bone cancer or leukemia, as some scientists now feel 
is probable 

Representative Horirrerp. What do you mean by “no threshold” 
please, for the record ? 

Dr. Kurr. I mean that no matter how little radiation there is, there 
is some effect from it, that the number of cases are linear, or nearly 
linear right on down. This, of course, is what Dr. Pauling was using 
in one way or another in computing his number of deaths. 

One can get quite different numbers, depending on assumptions, but 
philosophically there is no difference because if you admit there is no 
threshhold, there certainly are some deaths, and whether there are a 
100 or 10,000 seems very irrelevant philosophically. 

The point I wish to make is this: All of our environmental measure- 
ments, all of our models for the reactors, and the entire utilization of 
isotopes are based on maximum permissible concentration. That is, 
when we say the effluent from an industrial plant using atomic energy, 
the efiluent in the river water must be below a certain value, that is 
set so that if a person drank that river water for the rest of his life, he 
would not exceed this MPC, 

Representative Horirreip. You are pointing to the top one now? 

Dr. Kur. I am pointing to this—or this. No. 

Representative Horirietp. Please say it. 

Dr. Kutr. I think actually it is geared to this [indicating]. 

Representative Horirretp. Now will you elarify your remark for 
the record so we will know what you are pointing to? 

Dr. Kutr. My point is that the present maximum permissible con- 
centrations which are allowed for air, water, and soil in terms of 
disposal are maximum permissible concentrations calculated, such 
that a person living in an area and consuming that water and breath- 
ing that air for the rest of his life would not exceed the maximum 
permissible level of strontium 90 in the general population. 

Representative Houirietp. Which is? 
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Dr. Kure. One hundred micromicrocuries of strontium 90 per gram 
of calcium. 

Representative Horirrmvp. Fine. 

Chairman Duruam. Up to 70 years old, and then the rest of his 
life? 

Dr. Kup. Yes, sir; the rest of his life. 

Representative Hottrrmeip. That is from that one source. 

Chairman Duruam. No. 

Dr. Kutr. No; this is from any industrial application. 

Representative Hortrretp. I understand. But you are applying it 
to that one source. That does not take into account how much he 
might get from other sources. You are referring it to the ene indus- 
trial effluent disposal, are you not ? 

Dr. Kurp. Right. 

Representative Hortrretp. But he gets other contamination from 
other sources besides that particular industrial effluent. 

Dr. Kure. Yes, but I would like to leave that out for the moment, 
and just consider the industrial. 

Representative Hortrirecp. All right. 

Dr. Kutr. My point is this; that if there is no threshhold, then we 
are taking the same risk essentially, by entering the atomic era indus- 
trially. In fact, we will probably wind up taking more risk than at 
least with present testing. 

I would like to try to make this ver y clear, because I feel that in 
discussions I have read this point has not been made very strongly. 
The point is: If our maximum permissible concentration is significant 
here, namely, that 3 is small compared to 100, then 3 is also small 
compared to 100 in industrial applications. And if we are going 
to say that the maximum permissible concentration must be zero, 
then we cannot have any reactors, and we cannot have a nuclear 
era. Obviously, we are going to have a nuclear era and therefore 
we are going, if there is no threshold, to have deaths in the world 
as a whole from peacetime application, regardless of whether it is 
testing or not. 

Chairman Durnam. Doctor, is not there a difference there because 
of the fact that most of it is confined in the reactors safely, and in 
the release of atomic weapons you released into the air? 

Dr. Kutp. It is only confined safely within these prescribed limits. 
But if we say the limits are not right, they shoal be zero instead 
of 100, then we are no safer there than we are with anything else. 

Mr. Ramey. You do not have a strontium 90 problem, do you, from 
reactors as such, into the atmosphere, except in the event of an acci- 
dent, and then that would just be a local problem, would it not? 

Dr. Kutr. We cannot go into the individual types ef applications, 
but in any application that involves mixed fission products you have 
to get rid of radioactive wastes. And normally you get rid of high- 
level things, but then you have very low-level wastes which you can 
just throw aw ay because it is below the MPC. 

Representative Hortrrecp. But your figures there are based on 
rules and regulations set up for the protection of the people, are they 
not? 

Dr. Kurp. Right. 

Representative Horirrenp. But any violation of those rules would 
upset your calculation, I speak particularly of the sabotage of a 
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power reactor or the meltdown of a reactor such as has occurred in 
the experimental models. Now we are building these reactors of 
100,000 to 260,000 potential kilowatt capacity. Assuming there was 
a sabotage, or assuming that one of these reactors would get out of 
control, then this would upset your whole calculation as Far as the 
area contaminated from that particular reactor, would it not? 

Dr. Kuxe. Yes. But the point I was trying to make was the con- 
tamination you would get foams perfectly normal operations under 
all the present rules. 

Representative Horirrevp. That is true. That is true. But acci- 
dents do occur, as you know. So while it is very comforting to be 
told that the rules are good, the speed limit has been set on the high- 
ways, but we know that people do exceed the speed limit and there 
are wrecks as a result, 

Dr. Kutr. And people get killed below the speed limit. 

Representative Horrrietp. Those who go beyond the rules and 
regulations. 

So that is a factor which we must also take into consideration as 
responsible Members of the United States Congress; is it not? 

Dr. Kutr. Yes. 

Representative VAN Zanpr. Mr. Chairman ? 

Representative Horirietp. Mr. Van Zandt. 

Representative Van Zanpr. Dr. Kulp, ee we were told that 
an all-out attack on the United States would require about 2,500 mega- 
tons of TNT equivalent, and it would destroy about 82 million people— 
50 percent by radiation, and 50 percent by blast and heat. 

At the present time we have 2,500 megatons equivalent to TNT as 
far as radiation is concerned in the air. Based on your figure of 3 per- 
cent of the maximum permissible concentration, what would the figure 
look like after this 2,500 megatons of equivalent TNT had been de- 
posited in the atmosphere ? 

Dr. Kutr. Well, the difficulty here is the defining of the geographical 
area, but it would probably be more than a hundred times this. 

Representative Van Zanpr. A hundred times, with the possibility 
of a hundred times more ? 

Dr. Kur. This is not worldwide. Assuming a restricted area in 
the United States. 

Representative VAN ZANpt. The Western Hemisphere. 

Dr. Kutr. Adjacent to where the detonation is concerned. 

Representative Van Zanpt. A hundred times more would be in the 
atmosphere. What would that do to those who would be left after 
such an attack? 

Dr, Kutr. Again I would refer you to the biological experts next 
week, It would appear on the present rules, if you got a hundred more 
times higher than this worldwide, this would have serious effects. 

Representative Van Zanpr. In other words, in addition to the 82 
million people who were killed, and those that were suffering from 
radiation and heat, and so forth, who were not killed, the remainder 
of the population in the Western Hemsphere would be faced with 
possible death through this concentration of radiation that you 
speak of ? 

Dr. Kurr. A certain fraction; yes. 
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Representative Van Zanpr. Dr. Kulp, is it not true that you have 
the fact that, in addition to the reduction caused by the yield of the 
weapon, those who survive are also faced with this threat? 

Dr. Kure. Yes. 

Representative Horirmip. Thank you very much, Dr. Kulp, for 
your presentation. 

Dr. William F. Neuman, of the University of Rochester School of 
Medicine and Dentistry, will be the first witness this afternoon. 

Before we recess I would like to insert in the record an article from 
Science magazine by Dr. Kulp, Walter’ R. Eckelmann, and Arthur 
R. Schulert entitled “Strontium 90 in Man,” to gether with two letters 
to the editor of Science magazine. Also an article from the same pub- 
lication entitled “Strontium Content of Human Bones,” by Dr. Kulp 
and K. K. Turekian. 


[Reprinted from Science, February 8, 1957, vol. 125, No. 3241, pp. 219-225] 
STRONTIUM 90 IN MAN 
J. Laurence Kulp, Walter R. Eckelmann, Arthur R. Schulert? 


Radioactive fallout at great distances from atomic explosions produces both 
internal and external hazards to the human race. The external hazards result 
from the interaction of gamma rays in the environment on the genes of indi- 
viduals, which produces an increased mutation rate. The increase in normal 
gamma background owing to fallout is very small, so far, and it is being care- 
fully monitored (1). The tolerable level of external gamma radiation for genetic 
effects is not well defined (2). The internal hazard is primarily the develop- 
ment of bone cancer, because of the presence of strontium 90 (half-life 28 years). 
Libby (3) has discussed the general problem of strontium 90 in fallout and has 
presented considerable data (4,5) on the concentration of this isotope in various 
parts of the chain from the atmosphere to man. 

This article (6) summarizes the results obtained at Lamont Geological Obser- 
vatory on the strontium 90 content in man (based on a worldwide sampling net- 
work) and attempts to evaluate the potential hazard. The work presented here 
is a part of a more comprehensive study of the geochemistry and biochemistry 
of strontium 90 that has been in existence at Lamont for several years (7, 8). 
The first experimental verification of measurable quantities of strontium 90 in 
animal bone, milk products, and soil was made at Lamont in August 1953 fol- 
lowing the prediction by Libby, Eisenbud, and others in July 1953 (9) that it 
might be found in detectable quantities if low level techniques were employed. 

At the present time strontium 90 can be found in all human beings, regardless 
of age or geographic location, provided that a sample of adequate size is avail- 
able. As is shown here, these quantities are small compared with the maximum 
permissible concentration (MPC) (1.0 millimicrocuries of strontium 90 per gram 
of calcium) established by the National Committee on Radiation protection (10). 
However, the existence of measurable quantities makes it possible to analyze the 
present distribution of strontium 90 with regard to age, sex, diet, geography, and 
time. Such information is fundamental for making predictions about the prob- 
able effects of future nuclear explosions. 


DISPERSAL 


The route of strontium 90 from the time of fission to its uptake in human 
bones is known in broad outline. The explosion releases the strontium 90 into the 
air, where it is then carried for great distances. Eventually it is transported to 
the soil and becomes a part of the base-exchangeable alkaline-earth-metal ions in 
the upper few inches. Since plants take up this radioactive strontium along with 
their necessary calcium, human beings ingest strontium 90 from vegetables and 
milk products. 

Kiloton explosions produce debris mainly in the lower atmospheres (tropo- 
sphere), from which the strontium 90 is deposited in a few weeks (5). This 


1The authors are on the staf? of Lamont Geological Observatory, Columbia University, 
Palisades, N. Y. 
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debris is deposited in a restricted latitude. Thus the Nevada test series dis- 
tributed strontium 90 largely over a narrow latitude band in the Northern Hemi- 
sphere, with a higher concentration in the United States than elsewhere. Mega- 
ton weapons, on the other hand, appear to put most of their strontium 90 into 
the stratosphere, where it is more or less uniformly distributed with respect 
to latitude. It then passes very slowly (about 10 percent per year) back into 
the troposphere (4), from which it is rapidly washed out. Megaton explosions, 
therefore, tend to equalize the worldwide fallout pattern. The local distribu- 
tion will be modified by rainfall, vegetution cover, and topography, but the 
latest total fallout data (1) support a rather homogeneous distribution that 
shows maximum variations of only a factor of 3 at the longitudes of Africa and 
New York. The distribution in the Northern Hemisphere remains higher than 
that in the Southern Hemisphere, because of the kiloton shots from the Soviet 
and United States test sites. 

It is now reasonably well established (5) that the scavenging action of rain is 
responsible for most of the deposition of tropospheric debris. Experiments made 
at this labcratory during the past 6 months confirm this conclusion. Other 
experiments at Chicago (11) and at Lamont (8) indicate that at least 60 to 70 
percent of the strontium 90 which has fallen out in the United States is in the 
soluble form and is therefore available to plants. It is suspected that the mega- 
ton debris from the Pacific tests has a higher fraction of soluble strontium 90 
than debris from other tests, but this remains to be confirmed. About 80 percent 
of the strontium 90 is found in the upper 2 inches of the soil, but in some cases 
detectable amounts may be carried down as far as 12 inches (8), because of the 
type of soil, topography, and drainage pattern. Measurements of the soil and 
plant content of strontium 90 per gram of available calcium in 1953 (4) can be 
interpreted as meaning that some plants have significant surface retention of 
strontium 90, or that the concentration of strontium 90 per gram of calcium in 
the 0 to 2-inch interval is not representative of the true environment of the 
roots. As the ground becomes progressively more contaminated with stron- 
tium 90, however, the surface effects become obscured. Thus, on the east coast 
of the United States during the Nevada tests in the spring of 1955, the surface 
fallout of strontium 90 was only a very small fraction of the total strontium 90 
in the plants (8). 

The total fallout of strontium 90 was estimated by Libby (5) at the end of 
1955 to be about 13 millicuries per square mile in the upper midwestern re- 
gion of the United States. The soil data of Hardy and Morse (4) suggest 
an average of about 15 millicuries per square mile for the United States. On 
the basis of the fallout of mixed fission products and an estimate of strontium 90 
fractionation at long distances from test sites, Eisenbud and Harley (1) calcu- 
lated a fallout of 13 millicuries per square mile for the United States in late 
1955. By comparing the average total fallout on gummed paper for the United 
States in the fall of 1955 (1) with that for the world, a worldwide average de- 
position of strontium 90 on the seil of 8 millicuries per square mile can be cal- 
culated. 

The amount of strontium 90 in the soil which gets taken up by the plant depends 
on the root depth, the calcium content of the soil, and the biological fraction- 
ation factor. Menzel (12) has shown that strontium is discriminated against 
by a factor of about 1.4 when it goes from soil to plant. The calcium content 
of the soil varies greatly. Values of 0.4 to 40 milliequivalents of exchangeable 
calcium per 100 grams of soil are common. Further, as noted in a foregoing 
paragraph, the concentration of strontium 90 drops rapidly with depth. These 
factors make it possible for the concentration of strontium 90 per gram of avail- 
able calcium to vary by a factor of more than 100 for a given amount of fall- 
eut. Since the biological hazard may be stated in terms of concentration of 
strontium 90 per gram of calcium, it is clear, then, that merely to consider aver- 
age values of strontium 90 in soil is not sufficient. Thus, although the fallout 
of strontium 90 per square foot in the New Yerk area in 1955 varied by a factor 
of 7 (144 to 1010), the range in micromicrocuries of strontium 90 per gram of 
available calcium exceeded a factor of 40 (6 to 250) (8). 


BIOCHEMICAL CONSIDERATIONS 


Most people in the United States obtain their calcium through milk products. 
Here, fortunately, there is a discrimination factor of 7 against strontium from 
the plant that the cow consumes to the milk produced, according to experiments 
by Cosmar (13). 
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Regardless of the dietary source (milk products, vegetation, meat, or water), 
strontium 90 will follow calcium in the body, but it is discriminated against in 
going from the intestines to the blood by a factor of 2 to 3 (14,15). Studies on 
human beings who have been given intravenous tracer doses of strontium 85 
and calcium 45 simultaneously show that strontium is also discriminated against 
in the process of bone deposition. This, together with the fact that the body 
preferentially excretes strontium, results in a progressive enrichment of the bone 
in the calcium isotope following a single administration of the two tracers, the 
experimentally determined factor being 2.0 at 1 month and gradually increasing 
(16). On constant dietary intake, it would appear that an equilibrium en- 
richment of about 3 would be obtained in going from blood to bone, so that the 
total discrimination against strontium in going frem the food to bone is about 8 

Appreciable local variations in strontium 85 content per gram of calcium 
occur in individual bones after a single dose, The “hot spots” that appear on 
autoradiographs are probably of less consequence in the case of strontium 90 than 
they are in the case of radium, because the dimension of these localizations is 
usually much less than the range of the beta particle that is emitted from the 
strontium isotope. Table 1 shows that real differences in strontium 85 content 
per gram of calcium exists among the various bones of a particular skeleton. 
Although the data shown are for an individual who died 39 days after adminis- 
tration, the ratios proved to be relatively uniform for 7 other cases ranging 
from 3 hours to 125 days. 

From the unpublished data of Trotter on the weights of individual bones in the 
human skeleton and from information en the percentage of calcium in the bones 
per gram of calcium exists among the various bones of a particular skeleton. 
load of strontium 90 from any given bone. The bone most frequently obtained 
at autopsy is the rib. It may be noted from table 1 that the concentration of 
strontium 85 per gram of calcium in the rib is twice that of the average body. 
Other bones frequently received in the worldwide survey are femur and verte- 
brae, which contain 0.72 and 4.2 times the average strontium 85 concentration 
of the whole skeleton, respectively. 


These are the primary concepts and data that must be used in interpreting 
the worldwide human assay. 


| 
| 
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TaBLe 1.—Relative size of bone and distribution of strontium 85 in human 
skeleton 


Percentage | Percentage | Percentage of 
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1 Data kindly supplied by Mildred Trotter, Washington University School of Medicine. 
2 Data from Schulert, Laszlo et al., giving concentrations 39 days after administration of isotope. Other 
data taken from 3 hours to 125 days after administration of isotope show similar relative distribution of i 
strontium 85. | 
ti 3 All the limb bones plus the pelvis. In averaging, it was assumed that the 3 analyzed are representa- 
tive of the total. | 
j 4 Skull, | 
SAMPLING 
Autopsy samples of human bones were obtained from 17 stations in a world- 
wide network (17) (Fig. 1). To date, more than 1,500 samples have been re- 
ceived, and about 600 analyses have been made; the bulk of the samples have i 
come from about 10 stations. The size of sample ranged from 1 to 200 grams of 
wet bone. An attempt was made to get as wide a geographic and dietary distribu- 
tion as possible, but the distribution was necessarily limited by our contacts 


with physicians in certain centers. Future sampling will utilize a wider net- 
work, and considerable use will be made of integrated samples. 

The bones employed were usually ribs, but those from Germany were femur 
shafts, and those from Switzerland, England, and Denmark were vertebras. In } 
all cases the entire rib, shaft, or vertebras section was ashed and analyzed to avoid 
local variations that do appear both laterally and vertically in the bone. 

The early results suggested that there was negligible strontium 90 in persons 
over 40 years of age; hence, sampling was concentrated in the younger age 
groups. It is clear that this is no longer true and that a broader spectrum is now 
desirable. 

A few samples of adult bone measured at Lamont and many stillborns analyzed 
at Chicago (4) date as early as 1953, but for most localities the samples were pro- 
cured in 1955, so that a clear definition of the rate of change of strontium 90 
concentration cannot yet be made. 

ANALYSIS 


| 
The radiochemical procedure (18) consists brieflly of ashing the bone, dis- 
solving in hydrochloric acid, precipitating calcium oxalate, igniting to calcium 
oxide, resolving in hydrochloric acid, adding nonradioactive yttrium carrier, and 
milking the yttrium 90 daughter of strontium 90 as the oxalate. Usually the first 
milking brings down some foreign activities so that a second one is required 
for the quantitative assay of yttrium 90. Purity is checked by monitoring the de- 
cay of the yttrium 90 precipitate. The yttrium oxalate precipitate is counted in 
a convenient low-level system that has been described elsewhere (19). This pro- 
cedure makes it possible to determine less than 1 disintegration per minute of 
the strontium 90 sample. At the level of 10 disintegrations per minute, per s2m- 
ple, the precision is a few percent. Even at low levels of activity, the variation 
in the individual samples is considerably larger than the experimental error. 
The data reported in this paper were obtained at the Lamont Observatory and 
at two commercial laboratories: Isotopes Inc., Westwood, N. J.; and Nuclear 
Science & Engineering Corp., Pittsburgh, Pa. 


RESULTS 


All of the analyses of strontium 90 in human bone reported in this study are 
sulnmarized by locality in figure 2, The results are given in micromicrocuries of 
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Figure 2. Strontium 90 content of human bone in 1955. 
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strontium 90 per gram of ecalelum, The dashes mean that the sample contained 
equal to, or less than, this amount. The error in a determination is generally less 
than 20 percent, but for a few of the very small samples or those with only a few 
hundredths of a micromicrocurie of strontium 90 per gram of calcium, it may 
be considerably higher. 

Table 2 shows the averages for all localities broken down into age groups. 
All values in this table are normalized to an average skeleton, using the afore- 
mentioned factors, The weighted averages for each age group were calculated 
for each continent and for the world. Finally, a total maximum world average of 
the concentration of strontium 90 in the human skeleton was obtained. The 
average deviation for a given age group and locality was commonly around 50 
percent. All samples whose analyses were reported as “equal to or less than X” 
have been assumed to contain X micromicrocuries of strontium 90 per gram of 
calcium for the purposes of this averaging. Thus table 2 actually represents the 
maximum average strontinum 90 content. For most localities, however, this 
makes little difference, because the numbr of such analyses was small or the 
analyses were in the range of low concentration. In the case of Chile and Brazil, 
however, the actual average concentration is probably about 25 percent lower than 
this maximum value, 

One sample with very high concentration of strontium 90 was not included 
in the average. This sample was from Vancouver, British Columbia (49 years; 
tibia), and it had a concentration of 6.6+0.3 micromicrocuries of strontium 90 
per gram of calcium, This would give a skeletal average of about 9.1 micromicro- 
curies of strontium 90 per gram of calcium. Analytie error owing to contamina- 
tion appears unlikely, since other samples that were processed at the same time 
showed very low activity. 

DISCUSSION 


From the analytic data shown in figure 2 and table 2, the following tentative 
conclusions May be drawn: 

(1) The present worldwide average content of strontium 90 in man is about 
0.12 micromicrocuries per gram of calcium, or one ten-thousandth of the presently 
accepted maximum permissible concentration. 

(2) The averages for the different continents are surprisingly similar, indicat- 
ing that already the stratospheric drip of strontium 90 from megaton explosions 
is swamping the local concentrations from both the Nevada and the Soviet test 
sites. There is evidence, however, that Chile and Brazil have clearly lower 
concentrations than those localities in the Northern Hemisphere for which a large 
number of samples are available. The close similarity between Houston, Tex., and 
Bonn, Germany, for which good sampling is available, emphasizes that the differ- 
ences as a function of longitude in the Northern Hemisphere are small. Since 
Taiwan has appreciable fallout from Pacific and Soviet tests (1), it is not sur- 
prising that its values are similar to those for North America. 

(3) There is clearly an age effect, at least in the first 20 years. Young children 
have 3 or 4 times more strontium 90 per gram of calcium, on the average, than 
adults. This effect reflects the larger proportion of active bone in children. 

(4) As was expected, the average strontium 90 content of human bone does not 
vary from one locality to another more than the average concentration of mixed 
fission products (1). For identical periods of time there is a fair correlation 
between these 2 factors for the 17 localities that were sampled for human bone, 

(5) By averaging all samples from persons above 10 years of age, a large 
enough set is available for comparison between localities. In North America, 
for example, it is readily seen that the concentration in Vancouver is essen- 
tially the same as that in Houston, whereas the concentration in Denver is 
definitely lower (despite its proximity to Nevada). The New York average is 
not strictly comparable; it is low because samples from individuals 40 to 60 
years of age comprised half of the total. These are the only ones in the table 
that were obtained in the spring and fall of 1954. At that time the strontium 90 
content of adult bone was distinctly lower than it was in late 1955. (Note 
that the concentration in New York City milk had increased at least by a 
factor of 2 toward the end of 1955 from the level in 1954 (4). 
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(6) There are large deviations from the mean in the strontium 90 content 
in individuals of a given locality. The average deviation for most 10-year-age 
sets is about 50 percent. Figure 8, a log normal plot of the North American 
samples, illustrates that some individuals may have at least 10 times the aver- 
age concentration. This is most probably related to diet. 
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Ficuke 8. Distribution Pattern of Strontium 90 in Human Bone in North America 


An attempt was made to find the time dependence of the strontium 90 con- 
tamination in human bone. The major difficulty is the limited time interval 
over which samples have been taken (mainly 1955). The New York samples 
of the spring and summer of 1954 in the older adults (40 to 60 years) were 
definitely lower (the average was less than 0.01 micromicrocurie of strontium 90 
per gram of calcium) than in areas of similar total fallout in 1955, for example, 
Puerto Rico and Denver (averages were 0.14 and 0.08 micromicrocurie of stron- 
tium 90 per gram of calcium, respectively). Here an increment of 0.1 micro- 
microcurie of strontium 90 per gram of calcium, per year is evident. It now 
appears that stillborns may have a higher concentration than the average of 
the mother skeleton, at least during this early period of nonequilibrium. The 
Chicago data (4) suggests a 1953 stillborn average of about 0.12 micromicro- 
curie of strontium 90 per gram of calcium; this climbed to 0.17 by the spring 
of 1954. Six samples from Chile gave about 0.85 in mid-1955. The values for 
the comparable mother skeletons would have been 0.03 micromicrocurie per 
gram in Chicago in 1954 and 0.07 micromicrocurie per gram in Chile in 1955. 

The samples from Germany were of sufficient size and number to make pos- 
sible a significant comparision between the periods March to September 1955 
and October 1955 to January 1956. The biggest difference was observed in 
the youngest age group, whose members would be the most sensitive to change 
in the strontium 90 eoncentration of the diet, because of their rapid growth. 
for the 0 to 9 age group, the averages were 0.21 and 0.54 micromicrocurie of 
strontium 90 per gram of calcium for March to September 1955 and for October 
1955 to January 1956, respectively. A major increment in the known bone data 
should be observed in the present winter 1956-57 collection. 
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Tasre 2.—Average strontium 90 content in man, 1955. (All values in micro- 

'  miecrocuries of strontium 90 per gram of calcium, normalized to the average 
arhole skeleton. The numbers in parentheses give the total number of samples 
in the category.) The world average for all ages and locations ts 0.12 micro- 
microcuries per gram of calcium; the average, including 1 sample of high 
value, is 0.14; and the world average for all samples assuming “equal to or 
less than” value are zero is 0.10 
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The average American obtains about SO percent of his calcium from dairy 
products and the remainder mainly from vegetation (20). In 1955 the strontium 
90 concentration in milk in the United States was about 3.5 micromicrocuries 
per gram of calcium (4, 5). During the same period, field vegetation averaged 
about 20 micrimicrocuries per gram of calcium (5, 8) so that the average 
human population in the United States probably had a diet of about 7 micromi- 
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erocuries of strontium 90 per gram of calcium. Using the discrimination factor 
of 8 between diet and human bones, an equilibrium concentration of about 0.9 
mireromicrocuries of strontium 90 per gram of calcium would be predicted for 
the average American. The actual concentration in 1955 was probably about 0.3 
for young children and 0.1 for adults. These lower values reflect the time re- 
quired for bones to equilibrate with the strontium 90 calcium ratio in the diet. 

An estimate of the worldwide burden can be made by assuming that the aver- 
age total strontium 90 fallout was 8 millicuries per square mile in 1955, and that 
the average amount of exchangeable calcium is 75 grams per cubic foot (4). 
Thus, if half of the fallout is in the upper 1 inch of soil, which contains 6 grams of 
calcium per square foot, an average concentration of about 25 micromicrocuries 
o* strontium 90 per gram of calcium would be available to grains and grasses. 
Using a soil/plant fractionation of 1.4 and plant/milk fractionation of 7, the 
average worldwide concentration of strontium 90 in milk would be about 25 
micromicrocuries per gram of calcium, and in vegetation about 18 micromicro- 
curies per gram of calcium. Assuming that 80 percent of the worldwide dietary 
calcium comes from milk products—as is true for the average American diet 
(20)—the predicted concentration of strontium 90 in the diet would be about 
5 micromicrocuries per gram of calcium. This in turn would yield a predicted 
value of 0.6 micromicrocuries per gram of calcium for the average man when 
equilibrated with the fallout that existed at the end of 1955. The major uncer- 
tainties in the calculation are the source of calcium in the average world diet, the 
average calcium content of the soil, root depth, and possible direct foliar uptake. 

In terms of hazard to man, there are two problems to be considered: (i) the 
average value for the world population and (ii) possible maximal concentra- 
tions. Locations near atomic test sites are not included in these considerations. 

With regard to the strontium 90 burden of the population of the world in the 
fall of 1955, it can now be said that this is reasonably well known (0.12 micro- 
microcurie per gram of calcium) and that this burden is very small compared 
with the maximum permissible concentration (one-ten-thousandths). 

The matter of predicting the maximum average human burden that will 
ultimately be occasioned from atomic explosions through the fall of 1956 involves 
several factors. The average burden will be determined by the average strontium 
90/caleium ratio in the diet at equilibrium. Thus, if the fall 1955 concentrations 
in the diet were maintained, the average human being at all ages would reach 
a maximum of about 0.6 micromicrocurie of strontium 90 per gram of calcium. 
This would be the result of a worldwide fallout of about 8 millicuries per square 
mile by the end of 1955 (1). From the end of 1955 to the fall of 1956, another 
2 millicuries per Square mile would appear worldwide from stratospheric fallout. 
An additional 8 millicuries per square mile has fallen out since 1955 from high- 
yield weapons that have deposited all of their debris in the Northern Hemisphere 
(5). Libby (5) states: “In fact, we estimate at the present time that the total 
stratospheric reservoir, counting all sources, is about the same as it was 2 years 
ago—that is, 12 millicuries of strontium 90 per square mile, or the equivalent of 
24 megatons of fission products calculated as a uniform worldwide distribution.” 
Taking decay into account, a total quantity of 26 millicuries per square mile 
would be available in the United States for equilibration with the human skeleton 
by 1970. Thus, from explosions that have already occurred, the average human 
bone in the United States should contain about 2 micromicrocuries of strontium 
$0 per gram of calcium by 1970, whereas the worldwide average concentration 
should be about 1.3. This will have been the result of about 50 megatons of 
fission. On this basis, 35,000 megatons of fission would be required to bring the 
average concentration in the world’s population up to the maximum permissible 
concentration. 

The most important problem lies with individual variation. By direct expert- 
ment, it has been found that the distribution curve is quite sharp (fig. 3 and table 
2). Although food grown in restricted areas of low available calcium content 
could have 10 to 100 times the mean, it is clear that the general mixing of food 
sources in the diet of an urban population would make it impossible for most 
people of the world to exceed the average concentration of strontium 90 by more 
than a factor of 10. 

The theoretical estimation of the maximum concentration of strontium 90 that 
some individual or a small group of individuals might receive at long distances 
from atomic test sites is a complex problem involving a number of parameters 
that are at present subject to large uncertainties. The highest concentrations 
will be found in isolated individuals who obtain their total food supply from a 


restricted area that has very low available calcium in the soil (21). 
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SUMMARY 


The worldwide average strontium 90 content of man was about 0.12 micro- 
microcurie per gram of calcium (one ten-thousandths of the maximum permis- 
sible concentration) in the fall of 1955. A few values as high as 10 times the 
average have been obtained. 

The value is in accord with the predicted value based on fallout measurements 
and fractionation through the soil-plant-milk-human chain. 

With the present burden of strontium 90, this average level should rise to 


1 to 2 micromicrocuries of strontium 90 per gram of calcium by 1970. 
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21. A detailed discussion of the problem of the probable maximum concentra- 
tion is in preparation. 





[Science, vol. 125, May 10, 1957 :983-934) 
STRONTIUM 90 IN MAN 


The strontium 90 data on the detention of fission fallout in man, as reported 
by J. L. Kulp, W. R. Eckleman, and A. R. Schulert (Science 125, 219 (1957) ), pro- 
vide the first sound basis for evaluating the biological hazards from Sr-90 on a 
quantitative scale. While the authors present excellent data, their conclusions 
are open to serious criticisms, a number of which are itemized in the following 
paragraphs. 

(1) The biological hazard of Sr-90 is most important in human beings born 
since the Castle series of nuclear tests (beginning with the March 1, 1954, ex- 
plosion). Thus the pertinent age group, for measurements made in 1955, is 0 
to 1.5 years. It is somewhat misleading to present Sr-—90 bone retention data 
as an average value for ages 10 to 80. This is especially significant since in- 
fants show a much higher uptake of strontium than do adults. 

(2) Statistics on Sr—90 retention in infants are too limited to permit careful 
evaluation of the biological hazard. Futhermore, it is again misleading to speak 
of averages for strontium retention in infants. Our concern should be with the 
fraction of infants who get, say, 10 times the average value, for we certainly do 
not wish to consider the radiation risk on a total basis. 

(3) The authors assume that their data reflect the establishment of an equi- 
librium condition in fallout and uptake of Sr-90. About a year elapsed between 
stratospheric injection of the fission debris and the time of bone measurement. 
The bomb-to-bone sequence is an intricate one involving the possibility of hold-up 
in the food chains. For example, dairy cattle fed on stored herbage would con- 
tribute less Sr—90 to dairy products than those on open range. 

(4) In the case of stillbirths, Sr-90 data may be distorted by nonnutritional 
calcium prescribed for many pregnant women. 

(5) The authors continue the Atomic Energy Commission practice of report- 
ing Sr—90 concentrations in terms of maximum permissible concentration (MPC) 
which are strictly meant to apply only to healthy, occupationally exposed adults. 

‘he MPC for children, to be consistent with the recommendations of the National 
Commission of Radiological Protection ought to be one-twentieth the occupa- 
tional MPC. 

(6) Values for MPC have been revised downward steadily during the past 
two decades as more knowledge of the ultimate biological effect of skeletally 
retained radioelements has accumulated. In view of the greater radiosensitivity 
of infants to nuclear radiation, the global exposure involved, and the lifetime 
irradiation periods, it may well be that the appropriate MPC for evaluating the 
global Sr-90 hazard should be one one-hundredth the occupational value. The 
MPC for Sr—-90 is based on comparison to the radium MPC, which, in turn, hinges 
on our experience with radium poisoning in human beings. Practically no data 
are available for radium retention in children and, in addition, very few radium- 
retention studies on human beings have been carried out over a period of 40 or 
50 years. 

(7) In projecting their estimates of Sr-90 retention through 1970, the authors 
make no allowance for additional nuclear tests. In view of the fact that the 
British will test weapons in the megaton range within a few months and the 
Soviets may overcome their continental proving ground limitation so that a Castle 
series of tests may be undertaken shortly, it seems naive to assume a vacuum 
in testing from 1956 to 1970. 

In addition to these seven points, one should consider the role of concentration 
factors in fallout, the selectivity of global fallout, the possibility of different fall- 
out patterns for bomb debris injected into the stratosphere at points other than 
the United States and U. S. S. R. test sites as well as the influence of different 
substrata on fallout phenomenology. Nor should one neglect the possibility of 
ecological upset owing to concentration of radioelements in nature. 

Any meaningful evaluation of the Sr-90 hazard must seek to assess the risk of 
excessive radiation exposure to the most radio-sensitive groups of the total popu- 
lation. Because of the global nature of the fallout, the problem of risk-evalua- 
tion should be undertaken on an international basis. No governmental group 
within the United States should undertake to assume or calculate risks for peo- 
ples of foreign lands. The United Nations has established a committee to in- 
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vestigate the biological effects of nuclear fallout, and it is to be hoped that techni- 
cal reports will be forthcoming soon. Then attention may be focused on weigh- 
ing the probable risks of future bomb tests, and it may be possible to fix a limit 
to the annual testing of nuclear weapons to keep stratospheric pollution within 
safe limits. 

It is salutary that the Atomie Energy Commission has sponsored such high- 
quality scientific research and even more hopeful that phases of this work are 
emerging from the classified category. Independent analyses of the problem, 
such as those appearing in the Bulletin of the Atomic Scientists, now rest on a 
more solid foundation of fact that was heretofore possible. 


Raven E. Lapp, 
Arlington Towers, Arlington, Va. 


Although we share Ralph Lapp’s concern for the seriousness of the Sr-90 
rroblem for the world population, we wish to dissent from some of his interpreta- 
tions of our data. 

(1) We quite agree that momentarily the biological hazard is greatest for 
young children. We do not see how a discussion of the average concentration 
of Sr—90 is indults is misleading when we give all the individual data, as well as 
the averages of 10-year-age intervals, and definitely conclude that “children have 
3 to 4 times more strontium 90 per gram of calcium * * * than adults.” 

(2) We did not conclude that the present data permit “careful evaluation of 
the biological hazard” in children. In fact, we made it clear that many more 
data are urgently needed. The important statistical quantities, of course, are 
the mean and the standard deviation. 

(3) We clearly pointed out that the present situation does not represent 
equilibrium but that reasonable predictions can be made of what the equilibrium 
situation may be. By examining the steps in the bomb-to-bone chain, we were 
able to conclude that the quantity of Sr-90 in human bone is approximately 
that predicted from our knowledge of the total fallout and the fractionation 
factors in the chain. Actually, the time scale of importance is on the order of a 
year, and in this period the milk appears to be fairly well equilibrated with the 
soil. When milk is the major source of calcium in the diet of young children, 
the children will likewise approach a transient equilibrium. 

(4) The data on stillborns did not involve the average predicted for ultimate 
equilibrium. 

(5) We most emphatically did not present our data in maximum permissible 
concentrations for several reasons, not the least of which is the current debate 
among competent medical scientists on what this value should be. We reported 
all our data in absolute units of micromicrocuries of Sr-—90 per gram of calcium. 
We discussed the data relative to the one official Sr—90 level existing at the time 
we wrote the article—that is, the maximum permissible concentration for in- 
dustrial workers stated in the National Bureau of Standards Handbook No. 52. 

(6) The setting of the maximum permissible concentration is not in our 
sphere of scientific competence. This was not one of our conclusions. 

(7) We could have calculated the average concentration of Sr-90 in man in 
1970 either by using the known number of atomic tests to date or by assuming 
some unknown arbitrary number. We chose the former and clearly stated our 
assumption. The point here was to show what will ultimately get into man 
from a known quantity of debris produced. It was not our intention to calculate 
how much might be present in man by 1970 assuming some grave political situa- 
tion. 

It is hoped that current experimental work in this laboratory and elsewhere 
will make it possible to provide information on some of the other problems which 
Lapp and others have raised. Although there will remain much area of debate, 
new data to be published shortly will place some further limits on the area of 
speculation, In reporting the laboratory data on this controversial and globally 
important subject, we have tried, and will continue to try, to present it as 
objectively as possible, so that the scientist-citizen such as Lapp may discuss 
the sociopolitical problem in as well informed a manner as possible. 

J. L. KULp, 
W. R. EcCKELMANN, 
A. R. SCHULERT, 
Lamont Geological Observatory, 
Columbia University, 
Palisades, N. Y. 
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STRONTIUM CONTENT OF HUMAN BONES 


The refinements of analytic techniques for trace elements, together with a 
growing interest in the distribution of trace elements in human tissues, has 
resulted in a continued addition of information on these elements to the bio- 
chemical literature. The present paper (1) reports strontium analyses on 277 
human bones from a worldwide sampling. 

Hodges et al. (2), investigating the strontium content of human bones by an 
emission-spectrographie technique, found for a limited sampling an average of 
220 parts per million for bone ash. Tipton (3) has found a lower value for bones 
(120 parts per million), also using an emission-spectrographic technique. 

The present paper reports results indicating that there are marked regional 
differences. It is possible that the aforementioned discrepancy may be explained 
on this basis. It is also possible that regional effects may be confounded with 
systematic errors in the analytic data. The investigation reported here is an 
attempt to resolve these uncertainties and to explore the significance of the data 
as related to biochemistry and geochemistry. 

The bone samples were analyzed (4) as ashes that had been prepared at 800° C. 
for 12 to 24 hours. The individual bone samples were received from the con- 
tributors in various forms of preparation or in different stages of desiccation; 
hence, there can be no significance attached to the loss on ashing. It was felt 
that the most significant number that could be determined was the ratio of 
strontium to calcium, inasmuch as this would avoid any of the ambiguities of 
varying histories of preparation or variations owning to density of bone mineral. 

For values above 0.35 (percent Sr/percent Ca times 10%) the coefficient of 
variation is about 9. The specimens were run in duplicate, giving a standard 
error of +6.5 percent. On the 95-percent confidence level, this means an error 
of +13 percent for values of 0.35 (percent Sr/percent Ca times 10°) and higher. 
Values below 0.35 (percent Sr/percent Ca times 10%) have a higher error. 

The study reported here (5) indicates agreement with Hodges, et al, (2), 
in that no effect of bone type on the ratio of strontium to calcium was observed. 
In addition, there is no correlation with age or sex. The main source of varia- 
tion appears to be related to regional influences, because, as table 1 indicates, 
there are marked differences in the means of several geographic areas. From 
table 1 it can also be seen that the standard deviation varies for different re- 
gional samples. Where large variances occur, they may either be attributed to 
a more mobile population or to regions with diverse geologic, and consequently 
geochemical, environments. In some areas the ethnic diet may play an im- 
portant role. 


Table 1.—Summary of data on regional variations in the sirontium of human 
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It has been established by Turekian and Kulp (6) that there are marked 
regional differences in the strontium content of almost all types of rocks com- 
posing the geologic realm. Waters draining from these rocks and plants 
growing in these areas would taken on the strontium complexion of the locale. 
This has been demonstrated for a large number of elements and is a useful tool 
of geochemical prospecting. These regional differences are the most likely 
reasons for the variations in the strontium content of human bones from one 
area to the next. 

It may be possible to check this conclusion by examining human bone tissue 
from a known high Sr/Ca area. The Waukesha (Wisconsin) water supply 
(7) has been found to have 30 to 50 ppm strontium and 50 to 90 ppm calcium. 
Ilence, the region should have a very high Sr/Ca ratio. It would be interest- 
ing to check bones from such a locale. 

A histogram of the strontium content of the 277 human bone specimens 
analyzed (fig. 1) approximates a normal distribution. If the 277 observations 
cun be considered a large enough sampling of the world, then it is possible 
to arrive at an average ratio of strontium to calcium in human bones. This 
average is 0.60 (percent Sr/percent CaX10°). If it is converted to parts per 
million strontium on the assumption of pure calcium phosphate ash, this value 
is equivalent to 234 ppm. This compares closely with the value of Hodges et al. 
(2), but, considering the marked regional variations, it may only be fortuitous. 
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Turekian and Kulp (6) have demonstrated that the average (percent 
Sr/percent CaX10°) ratio in igneous rocks ranges from 6.5 to 23 and in sedi- 
mentary rocks from 1.5 to 6; hence, it is evident that the human body markedly 
discriminates against strontium relative to calcium when compared to the 
natural environment. This has been documented by Alexander et al. (8) in 
the case of several small laboratory animal specimens. The mineral apatite 
occurring in nature, which compares in part to some portions of the skeleton, 
is reported by Noll (9) to have from 0.1 to 4.5 (percent Sr/percent Ca X10"). 
Tlence, the vital effect of the organism is seen operative in the differentiation of 
strontium and calcium in human bones, Schulert (10) of the Lamont Observ- 
atory has demonstrated the existence of such differentiations using Sr—-85 
and Ca—5. 

It is conceivable, considering the foregoing information, that human bones 
that have started in the direction of fossilization should possibly show a time- 
dependent increase in the strontium content upon burial. Hence, it is possible 
that this may be uSed in a manner similar to the fluorine method for relative 
chronologies, This aspect of the study awaits further exploration. 

Karn K. TUREKIAN, 

J. LAURENCE KUtp, 
Lamont Geological Observatory, 
Columbia University, Palisades, N.Y. 


REFERENCES AND NOTES 


1. Lamont Geological Observatory Contribution No. 205. This research was 

supported by the biophysics branch, Biology and Medicine Division, U. 8. 

Atomie Energy Commission. We wish to acknowledge the assistance of 
Cc. Steffens, 

R. M. Hodges et al., J. Biol, Chem. 185, 519 (1950). 

3. Personal communication. 

4. Strontium-free calcium phosphate was prepared by ion-exchange separation, 
Standards for the spectrographic analyses were then made by mixing this 
strontium-free calcium phosphate and calcium phosphate with a known 
strontium content, All measurements were made using the Jurrell-Ash 
Ebert grating spectrograph and the Jarrell-Ash 2100 microphotometer. 
The critical constants are as follows: approximately 5 mg of bone ash 
was weighed into necked deep crated *¢-in. electrodes (National Carbon 
Co. No. 4000) and arced at 16.5 amp to completion. A glass filter, to 
absorb second-order interference lines, was placed before the 50u slit. 
A rotating sector allowed the transmission of 35 percent of the light. 
Kodak SA No, 1 film was used and D-19 developer at 8 min and 20° (, 
The Sr 4607 line was used as the analysis line and Ca 4579 was the 
monitor line. 


». Additional data on individual samples may be obtained from us. 

6. K. K. Turekian and J. L. Kulp, Goechim. et Cosmochim. Acta, in press. 
7. U.S. Geol. Survey Water Supply Paper No. 1299 (1954), p. 624. 

8. G. V. Alexander, R. E, Nusbaum, N. 8. MacDonald, J. Biol. Chem, 218 


O11 (1956). ; 
9, W. Noll, Chem. Erde 8, 507 (1984). 
10, Personal communication, 

Representative Hotrrietp, The committee will stand in recess until 
2 o'clock. 

(Whereupon, at 12:20 p. m., the committee recessed, to reconvene at 
2 p.m., of the same day.) 


AFTERNOON SESSION 


Senator Anperson. The committee will be in order, The first wit- 
ness this afternoon will be Dr. William F. Neuman, of the University 


of Rochester School of Medicine and Dentistry. I am happy you are 
here today, Dr. Neuman. 
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STATEMENT OF DR. WILLIAM F. NEUMAN, SCHOOL OF MEDICINE 
AND DENTISTRY, UNIVERSITY OF ROCHESTER ! 


Dr. Neuman. It was my impression that I was to discuss discrimina- 
tion factors in the human food chain, Attesting to the importance 
of these discrimination factors, many previous witnesses have found 
it necessary to discuss them and to use them in their calculations. 
Because of this previous discussion, and because the hearings are fall- 
ing behind schedule, I shall be very brief. 

I would like to show that the discrimination factors are very im- 
portant and permit us to relate human bone levels of Sr—-90 to the rate 
of weapons testing. 

Let me, at the “outset, underscore the remarks of Dr. Kulp to the 
effect that there is agreement in the scientific community. We are 
all agreed that present levels of Sr-90 in human bone are quite low 
and that the associated hazards are quite negligible. It is predicting 
the future that we, as scientists, part company. 

Let me also stress that the survey data given by Drs. Kulp and 
Eisenbud, though extremely important and valuable, are of limited 
use in making predictions. These data are inextricably bound to past 
conditions: testing rates, types of weapons exploded, and so forth. 
Furthermore, to extrapolate from these data, one must make some 
guess, some assumption, regarding the fraction of the final equilibrium 
that human bone has currently achieved. This assumption is quite 
uncertain. 

For purpose of predicting, I submit that the most reliable data from 
which to extrapolate are those related to the natural strontium in our 
biosphere. After all, we have been at equilibrium with natural 
strontium for many generations. Dr. Kulp and Ejisenbud have had 
occasion to refer to these data themselves. 

The beauty of using natural strontium as our model is this: Only 
two assumptions are necessary, first, that strontium 90 behaves like 
natural strontium (which is not an assumption at all) and, second, 
that strontium 90 formed in nuclear explosions will show complete 
= with natural strontium and follow the same distribution pat- 
tern. One might iene this assumption. It is somewhat opti- 
mistic, tending to minimize the final evaluation of potential hazards. 

The subje ct of discrimination factors is based on a cl: assic principle 
enunciated by the famed French physiologist, Claude Bernard—the 
internal milieu. The basic idea was this: Life originated in the sea 
As new evolutionary forms appeared, they were at a disadvantage if 
they found the ee of the sea not to their liking. They died 
out. By the time there evolved larger forms, which could leave the 
sea, these animals sol | not divorce themselves from their chemic al 
heritage. Their body cells required a fluid environment very muc h 
like that of the mother fluid, that ancient sea. 


1PDate and place of birth: 1919 in Petoskey, Mich. Education: Michigan State College, 
1936; University of Rochester, Ph. D., 1944. Work history: Member of the staff of 
Rochester University since 1944; associate professor of pharmacology in 1950, associate 
professor of biochemistry in 1955. Associated with atomic-energ y project at university 
(chief of biochemistry section). Eli Lilly award in biological chemistry in 1955. Radio- 
logical monitor at Bikini bomb tests: representative of AEC to visit European installations 
in 1952; scientific adviser to State Department at Geneva Conference on Atoms for Peace 
in 1955. Fields of interest: Pone chemistry and bone metabolism, matabolism of fission 
products, radiation effects, (Submitted by Witness.) 
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Within us, today, special cells, special organ systems are constantly | 
at work maintaining the body fluids at this ideal composition, despite 
wide variations in intake resulting from whim or fortune, 

These special organs select and conserve those substances which are 
needed, eliminate those which are not needed or unwanted. However 
these specific selective and regulatory processes are based on natura 
law, not on magic. They are not perfect. Just as dispensing ma- 
chines can be made to operate with a slug having a shape, weight and 
properties similar to a genuine coin, so also can the body be “fooled” 
when presented with a chemical counterfeit. 

Natural strontium is the chemical counterfeit of calcium, an alkaline 
earth which is required for the maintenance of health and well-being, 
as we have learned from television, a requirement which we never 
outgrow. Actually, natural strontium is an excellent counterfeit. It 
is so good, it can be considered legal tender in many body processes. 
Consequently, it is relatively nontoxic and harmless. Because of its 
widespread occurrence in soils and rocks, strontium is found in our 
drinking water, in our food, and, of course, in our bodies. Like cal- 
cium, about 99 percent of the strontium is found in bone. 

No counterfeit is perfect, however, and there are slight differences 
in properties between strontium and calcium which permit our regu- 
lating systems to select calcium preferentially, or to discriminate 
against the less desirable strontium. 

Where are the sites at which these discriminations occur? They oc- 
cur in those organs which are charged with the responsibility of main- 
taining normal calcium levels in our internal milieu: the portal of en- 
try, the gut; the exit, the kidney; and in two organs specially con- 
cerned with assisting the developing infant to maintain its internal 
milieu, the placenta and the mammary gland. As a crude but very 
useful approximation we can say that at each of these organs, calcium 
is preferred 2 to 1. Stated another way, the ratio Sr/Ca presented 
to the organ is reduced by half in passing the organ system. 














Thus: 
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Given a certain strontium-calcium ratio in the diet—we will call it 
X—the strontium ratio on reaching the blood will become one-half X, 
in passing through the gut, with some strontium preferentially ap- 
pearing in the feces. Upon reaching the blood, it passes the kidney 
and again we have a preferential reabsorption of calcium to the ex- 
clusion of some of the strontium. In this case, the strontium appears 
in the urine preferentially, which leaves a factor of approximately 
one-fourth X. The circulating fluids reach the bone areas. In the 
bone, we know of no real discrimination. Therefore, we can say, as 2 
rough approximation, bone levels will be in strontium content about 
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one-quarter that of the diet. In the developing embryo, the placental 
barrier will reduce this further so that the lightly mineralized bone 
of the infant will be only about one-eighth of the Sr/Ca ratio of the 
mother’s diet. Similarly, milk will exhibit a ratio only about one- 
eighth that of the diet. This is a crude illustration of how these proc- 
esses interact within the animal. 

I should point out however, that the discrimination which occurs 
in the gut is subject to some influence. If the diet is primarily milk, 
as it is in this country, the discrimination by the gut seems to be much 
less. It is nearly wiped out. Therefore, we find that, without this 
favorable discrimination, the person on a milk diet will put down a 
bone which exhibits a strontium to calcium ration about one-half that 
of the diet. 

Now I would like to go over again something that was discussed 
by Dr. Kulp this morning. In traveling from plants to human bone 
we have, really, two alternative paths. One, in which the calcium 
from the plants goes through the cow and is subjected to the favorable 
discrimination factors of the cow; one, in which calcium of the plants 
reaches the diet directly without passing through favorable discrimi- 
nation factors. Doctor Kulp stressed the fact that most of the cal- 
cium comes through the milk chain. This is true, but if we use the dis- 
crimination factors best known today, we find that, in terms of stron- 
tium, most of the strontium may come through the plant side of the 
food chain. The reason for this is the favorable discrimination against 
strontium in the milk chain. 

I will try to illustrate this with a drawing but because of my limited 
art talent, this may be less clear than what I have already said. 

We can take a band as coming from plants as being about one-fourth 
the total strontium-calcium supply and a band three times as wide 
from the milk side. If we pass through the cow seven-eighths of the 
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Overall Chain 





To Bone 


The Origin of Bone Strontium. 


strontium will be discriminated against, and only one-eighth of the 
strontium then, will reach the human. 

Although we start with only one-fourth of the strontium from the 
plant side, all of this reaches the human with no discrimination along 
the way. In terms of dietary supply of strontium, more is coming 
from the plant side than from the milk chain. If we then put in the 
favorable discrimination of about one-half to one-fourth for the hu- 
man, we find that the overall ratio in bone is reduced to about one- 
sixth to one-eighth of the plant levels on the basis of our crude 
example. 

I say the value one-sixth. That is very rough. It is based on the 
crude approximations made in our original model. What is the proper 
number to use? How reliable is it? And finally, what does it mean? 
I think at the present time the best figure to use is one-eighth. This 
number is a number proposed by Dr. John Lautit, representing the 
British point of view. It is the mean value of a discussion at which 
most of the experts in this country were present last April 23. At the 
present time, this value seems to me to be quite well established—cer- 
tainly within a factor of 2. The overall discrimination I cannot be- 
lieve would be less than one-fourth or greater than one-sixteenth. 


95209°—5ST—pt. 1——-46 
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This value is really quite good. It is based on four general types 
of experiments. The administration of labeled strontium to animals 
and to man to determine the metabolism pattern and distribution in 
the animal and so on. The second kind of experiment involved the 
simultaneous administration of radioactive strontium and radioactive 

calcium to animals and man for a direct comparison of these two ele- 
ments. It has come also from the chronic lifetime feeding of animals 
of diets containing fixed ratios of radioactive strontium to normal 
calcium. 

Finally, and most importantly, it comes also from the direct deter- 
mination of natural strontium-calcium ratios in the bones of man and 
animals and their diets. I consider this area to be much more reliable 
than many other of the elements of indecision with which we will be 
faced next week. 

Mr. Ramey. Has this value been as refined all the way through or 
did you start out with a higher one and gradually work to this as a 
result of better measurements ? 

Dr. Neuman. If you are asking me personally, may I say that I 
have been very lucky. I have not had to change my numbers. My 
original estimates of what this number might be were rather tenuous 
because much of the data were not yet in. I find myself really very 
lucky in that the mean of my original estimates and that final agreed 
upon differ by only about 16 percent. Others were not quite so 
fortunate. We find that many made estimates originally that were 
quite favorable. I think now we are agreeing more and more that the 
factor 8 is probably the best figure to use. We may have to revise 
this. But I do not believe it will be revised more than by a factor of 2 

This value represents discrimination in the chain from plants to 
bone only. What about the possibility of discrimination in going 
from ground to plant? Iam frankly quite uncertain and I am will- 
ing to stand corrected. From the data I have been able to find and 
study there seems to be no adequate basis on which to decide at present, 
and I recommend heartily that no effective discrimination be assumed 
but with the clear and important qualification that this assumption 
must be continuously scrutinized and changed as soon as new data 
permit. 

I shall take, then the overall discrimination process from ground to 
human bone as totaling one-eighth. 

_ Mr. Ramey. Does that differ from Dr. Kulp’s testimony this morn- 
Ing ¢ 

Dr. Neuman. Dr. Kulp used the same factor for milk that I did, 
but I believe he used an overall factor of 14 and used the milk side 
only. Iam not sure, 

Is Dr. Kulp here? 

(No response.) 

Dr. Neuman. I believe he used the factor of 14, which is going down 
the milk side, ignoring that which comes from the plants directly. 
That isa little optimistic in my opinion. 

What is the importance ot this number in our present considera- 
tions? It seems to me that this figure permits us to calculate very 
simply the rate at which fission products can be released by the var- 
lous testing prograins. Only twe bits of information and one decision 
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are needed. We need to know the variation of the strontium to cal- 
cium ratio in human bone. We need to know the variation in the pat- 
tern of strontium 90 fallout and evaluate it and we thus, third, make 
a decision regarding the maximum permissible allowable, some kind of 
concentration to be permitted in human bone. 

This morning Mr. Anderson asked a number of questions which 
would relate predictions of bone level to test rate. All of the caleula- 
tions that were prepared in advance were on the basis that no more 
strontium 90 was being produced. 

I would like to go quite the other way around and calculate the 
penne production of fission products Dace ona given human bone 

evel. 

The assumption I would like to make is: When we have loaded our 
biosphere with the permissible amount of strontium 90, the amount 
of testing that can Re done, the amount of strontium 90 that can be 
produced, will be equal to that which decays in any given year. This 
will maintain us at the steady, loaded level. This would amount to 
21% percent per year. 

Therefore, if we calculate the maximal tolerable biosphere load we 
automatically have calculated the permissible production of strontium 
90 in any given year. 

This is such a simple equation that Iam frankly embarrassed. These 
are supposed to be very difficult matters, but I find in the final analysis, 
that the calculation ic not involve caleulus but rather only arith- 


metic. 
Thus: 
2.5 percent tolerable ground levels= Annual test rate 
Correction Correction 
Toler. for Correction for 
gnd. =MPC: variation - | «stratospheric -nonuniform 
levels in __ Discrimination holdup fallout 
population factor 
where 
‘ se a HRA dae ae 
TGL=MPCX=xX8xX12X= 
\ 1 \ 2 


We must, to begin, decide on what will be the maximum permis- 
sible concentration to be tolerated in the human bones of a large popu- 
lation. without reaching that decision, because this obviously will be 
discussed next week, I would like to continue with the calculation. We 
must correct this number by a variation. It is obvious that we can’t 
have the general population averaging the maximum level. If we did 
this, half the population would be over the maximum. If we are decid- 
ing on a maximum level, then it is a maximum level and people should 
not exceed it. So the maximum permissible concentration must be 
revised downward by a number which evaluates the variability be- 
tween individuals. I will discuss this in just a moment. 

Now we find that we can tolerate more strontium 90 in our biosphere 
because of the favorable discrimination against it in food chain. We 
can, therefore, multiply by our overall average discrimination factor 
of 8. 

We must consider the matter of stratospheric holdup. Obviously, if 
some of the strontium, in reaching the food chain, decays in its path 
through the stratosphere, this is all to the good and we can therefore 
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correct our value upward, depending on the amount of decay that oc- 
curs between the site of detonation and its entry into the food chain. I 
believe a factor of 1.2 isa reasonable number. This is because 20 per- 
cent of the strontium decays before it gets to the ground. This is 
perhaps more than necessary but it is such a small correction that it 
seems hardly worth discussing. 

Then, again, we must correct for variations in fallout. It is my 
understanding that rather large segments of the population are sub- 
jected to rather large variations—a ‘factor of 3 perhaps—in the varia- 
tion of fallout. 

I would like to evaluate V-1 and V-2. I think we can evaluate V-1, 
which is a variation among individuals. I think we can evaluate it 
quite well. Dr. Libby quite recently has described and summarized 
much of the available data in his speech of April 26. He concluded 
that the variation could be described statistically as having a standard 
deviation from the mean of about one-third. 


Standard 


Number” = Deviation 


Individuals 


oe 





Mex 
2 
Sr Conc'n 


What does this mean? It means that, if the population shows a nor- 
mal distribution pattern, some individuals have only a little and some 
have a lot, but most of the people have about the average. We can de- 
scribe this population in terms of the variation seen and this statistical 
description is the standard deviation. 

If the variation in strontium 90 found in human bone does show a 
standard deviation which is about a third of the total average, then a 
value twice that average will be three standard deviations from the 
mean. Only a very few individuals will exceed a value twice the mean. 
We can say that, if the strontium data showed a normal distribution 
with a standard deviation of a third, and if we put a factor of 2 here 
for V,, we will have only a fraction of the percent of the people ex- 
ceeding the maximum permissible level. Unfortunately, I believe that 
the distribution is not normal. The data shown by Dr, Kulp this morn- 
ing showed a skewed distribution. ‘The natural strontium data shows 
askewed distribution. It is difficult to evaluate this at the present time. 
but, to me, this means that the factor V, should be larger than 2 and 
probably less than de 

I am not competent to attempt to evaluate more than crudely the 
variations in fallout patterns. The fallout seems to be, according to 
the concensus of testimony thus far, varying by at least a factor of 3. 
Mixing of food supplies, it is true, will dilute this effect. At the mo- 
ment, for want of a better number, I will put in 3 with a stipulation 
that someone more competent who wishes to change that number may 
do so. 

I think the importance of discrimination factors are now quite clear. 
In the equation calculating the total permissible burden for our bio- 
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sphere, the only number of any consequence, which permits us to live 
in a biosphere more contaminated than we ourselves hope to be, is 
the discrimination factor of 8. If we are permitted, as more data 
come in, to raise this discrimination factor, we automatically are 
permitted to raise the permissible testing rate. If as more data come 
in we must lower this number, then we must also lower our permis- 
sible testing rate. 

I think only for purposes of illustration we might substitute these 
numbers and get an overall figure, since such predictions were made 
this morning. 

Among the various MPC’s that have been proposed, the number 100 
was mentioned quite frequently. Actually, the National Academy of 
Science’s report gives 2 numbers—100 and 50. The British have said 
that when children’s bones reach a level of 10 we should worry. 

Mr. Ramey. Are those sunshine units? 

Dr. Neuman. These are all sunshine units or micromicrocuries of 
strontium 90 per gram of calcium. Therefore, we at the moment, until 
the discussion next week clarifies this issue, are permitted, I suppose, 
te choose one of these numbers. 

I like 50 because this, in my opinion, would about double natural 
background. However, it doesn’t matter. You can put the 100 in 
and get a number twice as big at the end. 

Putting in the 50 sunshine units, just for illustration, times one- 
half—I will use one-half here and one-third here and 1.2 and 8, I 
believe that comes out to be 1.6 times 50, or 80 sunshine units on the 
ground as the tolerable maximal ground level. 

Then the testing rate becomes 214 percent of this—the decay rate— 
and that would be 2 sunshine units of annual production. 

From Dr. Libby’s conversion table, 1 megaton of fission equivalent 
is equal to 0.9 sunshine units, or we have a test rate then of approxi- 
mately 2.2 megatons fission equivalent per year. 

Senator Anperson. Doctor, I think I have an idea where you get 
the 214 percent. Is that based on a 28-year half life? 

Dr. Neuman. That is correct. If we have our maximum level on 
the ground and attain that level, then we can replace it at the rate 
at which it decays, which is 214 percent a year. 

Senator Anprerson. I do not know how to express the 2.2 megaton 
fission. You could have a lot more power shot off—bigger bangs than 
that—if you had part of the process fusion. 

Dr. Neuman. Yes. 

Senator Anperson. When you say 2.2 megatons of fission, if you 
had a type of weapon that was almost entirely a fission weapon and 
each one of them had 20 kilotons, would you 4 able to shoot off 200 
ot them, or rather 100 of them or 110 of them, without raising the 
permissible level ? 

Dr. Neuman. The answer is implicit in this assumption of a uni- 
form distribution throughout the world. If you shot off, as you say, 
20 of the 100-kiloton devices, you would have a very nonuniform dis- 
tribution, and you would have, I should think, a part of the world 
that would be well over its maximum tolerable level and the rest of 
the world well under it. 

Senator Anperson. That is what I wanted to get from you. 

Dr. Neuman. If you switch from one kind of detonation to an- 
other, you also change the V2, the variation of the fallout. By the 
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proposed explosions that you suggest, V, would have to be consid- 
er a much larger than the value 3 I have used. 

Senator Anperson. In the case where we are using the Nevada 
proving range, the fissionable material or these products are not 
going to be spread equally around the world. The North American 
Continent will get a larger share of them, and following the wind pat- 
tern, I suppose, the area running in the northern half of the United 
States would get somewhat more than its share. 

Dr. Neuman. That is correct. 

Senator Anperson. Therefore, we would not shoot 20 100-kiloton 
bombs or 100 20-kiloton bombs because that would give a much greater 
result in the United States since you are figuring on worldwide distri- 
bution. 

Dr. Neuman. That is correct. 

Senator Anprerson. Have you ever tried to calculate what might 
be a fair amount of discharge into the atmosphere taking into con- 
sideration the fact that the British and the Russians and ourselves are 
all doing it? 

Dr. Neuman. I have avoided this because I don’t know what the 
Russians have shot off. I don’t even know right now what the British 
shot off. 

Senator Anperson. I am not trying to involve you, so let me put 
it this way. I think you know that the Government of the United 
States through its Atomie Energy Commission has frequently an- 
nounced that the Russians have exploded a certain type of device, and 
along with that there has generally been an announcement that some- 
times is confined to the people entitled to know the capacity of that 
particular shot. So that the Atomic Energy Commission at least 
knows and probably a fair assumption is that the Joint Committee 
knows and the military authorities know how many kilotons each 
device they shoot is, plus or minus a small factor of error, and knowing 
that and what the British are doing and what we are doing, it would 
be possible to calculate pretty easily ‘what seems to be safe. 

Dr. Nreman. I think it is fair to say that, if we hope to choose a 
maximum permissible concentration of 50 micromicrocuries per gram, 
we have already achieved a biosphere that is fairly close to giving 
such a level at equilibrium. 

Senator Anperson. We have already achieved it. 

Dr, Neuman. I should so expect. You will recall my figures are 
not really very different from those of Kulp, who gave as an average 
number 24 micromicrocuries per gram. That is an average figure. 
I have already reduced the maximum permissible concentration by 
virtue of variation to an average level of about 25 micromicrocuries. 
On this basis he would have lo: ded bone. 

Senator Anprrson. He was going to do that at the end of 60 years. 
However, he was assuming a static level of testing. 

Dr. Neuman. That is right. 

Senator Anperson. Whereas we are in a rapidly ascending curve. 

Dr. Neuman. He was also using a more favorable discrimination 
factor than I am using. 

Senator ANperson. Yes, 

Dr. Neuman. This is where we really get down to cases, I believe. 

Mr. Ramey. How would your figure work out if you used 100? 
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Dr. Neuman. It would exactly double the permissible rate to about 
4.4 megatons per year. In terms of big bombs such as the Castle 
test, this figure would be one Castle test every 7 or 8 years and no 
other testing. If you use the maximum permissible concentration of 
100 sunshine units, it would be 1 Castle test every 314 years with no 
other testing, or 1 Castle test every 5 years with some additional small- 
weapon testing. I am uncertain about these things, but this predic- 
tion is reasonable and I am using the most reliable figures at my dis- 

sal. I think it is quite clear that we are not yet in serious trouble, 

uit I think it is also clear that the discussions which you have sched- 
uled could not have come at a more appropriate time—now, rather 
than later. 

Mr. Ramey. We were going to ask Dr. Eisenbud if he would have any 
comments to make on this. 

Mr. Etsensup. I believe, Mr. Chairman, that Dr. Neuman has to be 
complimented for introducing a new and stimulating approach which 
I think we will all be thinking about for the next several days. The 
comments, of course, must be centered on the validity of this discrimi- 
nation factor of 8. 

In my own approach this morning, I preferred to avoid this by going 
directly to milk, since we have reason to believe that the milk comes 
into fairly rapid equilibrium with the soil. One can thereby avoid the 
uncertainties involved in attempting to apply a discrimination factor 
in going from soil to milk and take the measurements directly. I will 
admit that the weakness of my approach is that I have to assume that 
the milk does come into rapid equilibrium with soil. This assumption 
I make on the basis of the evidence as it stands but it is open to some 
discussion. 

seyond this, I think I might welcome the opportunity later on to 
comment again after I have had an opportunity to give this more 
thought. 

Senator Anperson. Thank you. I understand that Dr. Kulp may be 
on his way back and we might have some comments from him, These 
are at least some figures we can take a look at. 

Dr. Neuman. May I make one more comment ? 

Senator Anperson. Yes. 

Dr. Neuman. I must emphasize two points: (a) First, the test- 
ing rate, as calculated, is that which can be maintained indefinitely. 
Obviously, until maximum tolerable ground levels have been reached, 
the test rate can exceed this equilibrium value. 

(b) Second, I am not too concerned whether the equilibrium test 
rate is 2, 4, or even 6 megatons fission equivalent per year. The princi- 
ple I wish to establish is that a given maximum permissible concentra- 
tion automatically fixes the maximum test rate and of the maximum 
permissible concentrations currently under discussion, none permit a 
test rate that is very high. The number of megatons that can be ex- 
ploded is so small, some kind of international control of the production 
and release of fission products is inevitable. 

IT also want to say that even after some serious discussion, I do not 
think we will be off by more than a factor of 2 anyway. As I under- 
stand it, the discrimination figure of 14 was used by Kulp in his esti- 
mate. This is less than a factor of 2 from what I am using. So no 
matter how you slice this particular batch of data you come out with 
a testing rate of the order of a few megatons a year. It might be 7, 
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or 6, and it might be less than 2. It is not a great big number, and I 
think we all agree on that. 

I am cer tainly willing to revise this as time goes on. I only wanted 
to get a target figure out here in the open because it is so difficult to 

talk j in terms, “if we stop testing.” We are not stopping tests, This 
gives us a figure of what kind of testing will result in what kind of a 
level in human bone. 

Senator Anperson, I want to say to you, Dr. Neuman, I find it 
extremely interesting testimony, particularly since so many people 
keep saying to us, it is very easy to get this thing in equilibrium. All 
you have to do is to see that the amount of fission material you put 
in the atmosphere is not any greater than the amount of strontium 
that just naturally deteriorates. 

When you ask them how much that is, they say, “Well,” and that is 
the end of the answer. At least I have a figure here for the first time 
in my life. 

Thank you very much. I found it most stimulating and interesting. 
I think it offers a possibility we will have additional discussion from 
other people on it. 

Before Colonel Hartgering begins his presentation, I would like to 
insert in the record the statement by Dr. MacDonald and an article 
from Science magazine entitled “Strontium 90 Hazard: Relationship 
Between Maximum Permissible Concentration and Population Mean” 
by W. O. Caster, of the department of physiological chemistry, Uni- 
versity of Minnesota: 

(The material referred to follows :) 


EXPERIMENTAL CONCLUSIONS PERTINENT TO CERTAIN ITEMS ON THE AGENDA OF 
THE FORTHCOMING HEARINGS OF THE JOINT CONGRESSIONAL COMMITTEE ON 
Atomic ENERGY ON THE NATURE OF RADIOACTIVE FALLOUT AND Its Errects ON 
MAN, May 27, 1957, WAsHINGTON, D. C. 


By N. S. MacDonald, Ph.D., chief, bone metabolism section, pharmacology and 
asia division, atomic-energy project, University of California at Los 
Angeles 


Based on data from experiments performed by the bone metabolism section 
of the atomic-energy project, University of California at Los Angeles. Much of 
this work could not have been accomplished without the cooperative efforts of 
Dr. R. E. Nusbaum and Mr. G. V. Alexander, of the spectroscopy section of the 
project. 

The scope of these conclusions and opinions would have been greatly broadened 
had the many contributions to the subjects by other authors been included. 
However, instead of constituting a critical résumé of the whole field, this docu- 
ment reviews only those pertinent investigations for which I can speak at first 
hand. The paragraph hearings are numbered according to the hearings outline. 


POSSIBILITIES FOR WATER TREATMENT 


Samples of raw and tap water were obtained from 50 cities located throughout 
the United States. Analyses for stable, nonradioactive Ca, Sr, and Mg were 
made by an emission spectrographic technique. Conventional municipal water- 
treatment practices involving coagulation, filtration, and softening with lime- 
soda ash, phosphates, or ion exchangers in some cases remove as much as 75 
percent of the nonradioactive Sr normally present in the raw water of some 
cities. However, if the level of Sr-90 activity were more than 20 10~ue per 
ml., even a 90-percent removal of dissolved Sr-+Sr” would fail to reduce the 
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contamination below the maximum permissible for drinking water. In such a 
situation, the usual single-stage precipitation would be inadequate. 


THE CALCIUM MODEL AS A BASIS FOR PREDICTING SR-90 BEHAVIOR 
1. Similarities and differences in behavior 


The qualitative similarities in metabolic behavior of Ca and Sr are well docu- 
mented by dozens of workers over the years. However, quantitative differences 
in absorption, excretion, and skeletal retention do exist. 

(a) Double tracer studies with Ca-45 and Sr-90 on rabbits have indicated 
that the kidneys discriminate between Ca and Sr in the blood, with the result 
that more of an intravenous dose of Sr is excreted in the urine than is true 
for a dose of Ca? 

(vb) Spectrographie analyses for the nonradioactive Ca and Sr always present 
in foods and bones have shown, both for animals and for man, that the Sr to 
Ca ratio of their bones is always less than the Sr to Ca ratio of their diet 
This is the result of the Ca-Sr discriminatory aspect of at least two processes 
operating in the chain, food to bone. These processes, where discrimination is 
most effective, appear to be gastrointestinal absorption and urinary excretion. 


2. Influence of amount of calcium in soil, diet 


The quantity of Sr swallowed each day does not alter the magnitude of the 
ratio (Sr/Ca) bone-+-(Sr/Ca) diet. This implies that a permanent increase of 
the Sr-90: Ca value of a daily diet would result in an increase of the Sr-90: Ca 
value in the skeleton. Conversely, a decrease in dietary intake of Sr-90 would 
probably lead to a slow drop in skeletal Sr-90 contamination. There is appar- 
ently no upper limit to the amount of Sr which can be deposited in the skele- 
ton.* There does seem to be an upper limit to the amount of yttrium (and pre- 
sumably the rare earths) which bone can take up.” 

The quantity of Ca swallowed along with a dose of Sr-90 does affect the 
amount of Sr-90 which ends up in the skeleton. There is a clear-cut reduction 
of Sr-90 bone burden as the Ca content of the Sr—90 contaminated meal is in- 
creased. (This is not true if the Ca is in the form of milk. Milk tends to 
increase the absorption of an oral dose of Sr-90.) Unfortunately, addition of 
larger and larger amounts of Ca do not result in equally smaller and smaller 
bone burdens of Sr-90. Addition of phosphate, sulfate, or any of a number of 
other substances tested, to the Sr—90 contaminated meal also reduces the result- 
ing bone burden, probably because of a precipitating action in the gut and 
stomach. 

It is probable that supplementation of a meal with calcium phosphate or sul- 
fate tablets would somewhat reduce the absorption and retention of any Sr-90 
in the meal. However, the nutritional and toxicological aspects particular in 
infants, of any such long-continued elevation of dietary Ca and/or phosphate 
demand very thorough investigation. 

In regard to the hypothetical situation where, in an extreme emergency, it 
might become necessary to eat 1 or 2 Sr-90 contaminated meals, a short, prior 
period of starvation does not necessarily make the meal more dangerous than 
if eating had been normal up to that time (rats). Also, consumption of large 
quantities of milk along with the usual solid diet, either for 2 weeks prior to 
a single, oral Sr-90 dose or for 2 weeks immediately after dosage, fails to alter 
the bone burden. Apparently, if the body is approximately in normal calcium 
balance, large “emergency” oral intakes of Ca have little effect on bone burden, 


unless the Ca is present in the gastrointestinal tract at the same time as the 
Sr.-90. 


1Strontium and Calcium in Municipal Water Supplies. J. Am. Water Works Assoc., 
46, 648 (1954), Alexander, G. V., Nusbaum, R. E., and MacDonald, N. 8. 

2 Discrimination of Caleitum and Strontium by the Kidney. Am. J. of Physiology 188, 
131 (1957), MacDonald, N. S., Noyes, P., and Lorick, P. C. 

®* The Relative Retention of Strontium and Calcium in Bone Tissue. J. Biol. Chem. 218, 
911 (1956), Alexander, G. V., Nusbaum, R. E., and MacDonald, N. 8. 

The Skeletal Deposition of Nonradioactive Strontium. J. Biol. Chem. 188, 137 (1951), 
MacDonald, Nusbaum, Stearns, Wzmirlian, and Spain. 7 

5‘'The Skeletal Deposition of Yttrium. J. Biol. Chem, 195, 837 (1952), MacDonald, Nus- 
baum, Alexander, Ezmirlian, Spain, and Rounds. 

® Gastro Intestinal Absorption of Ions—Agents Diminishing Absorption of Strontium. 
J. Pharmacology and Exp. Therapeutics, 104, 348 (1952), MacDonald, Nusbaum, Ezmirlian, 
sarbera, Alexander, Spain, and Rounds. 

7'The Effects of Calcium and Phosphate in Foods on Radiostrontium Accumulation. J. 


® Quarterly Progress Report, UCLA 386, p. 54, 1957, MacDonald, N. 8. 
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May TI venture the following opinions? 

(a) The intentional enrichment with uncontaminated Ca of the population 
diet on a routine, permanent or semipermanent basis, with the intent of redue- 
ing the Sr-90/Ca ratio for human intake, is impractical and ineffectual. In 
particular, it might even be dangerous so to enrich cow's milk destined for 
bottle-fed infants. 

(b) On the other hand, it is essential to ensure that the daily Ca intake of 
the population, and particularly growing children, is maintained at an adequate 
level prior to an anticipated exposure to suddenly elevated Sr—90 contamination 
of foodstuffs. This follows from evidence in the literature that animals whose 
diet has been inadequate in Ca over a prolonged period will absorb more of an 
oral dose of Ca (and presumably Sr-90) than animals whose nutrition has been 
adequate. 

(c) If, after a Sr—90 accident, it is learned that Sr-90 has been inadver- 
tently swallowed or inhaled (the sputum becomes contaminated and is swal- 
lowed), oral administration of epsom salts (MgS0O,), sodium sulfate, or cal- 
cium phosphate, within the first hour, should decrease its absorption. Milk 
should not be given—contrary to lead-poisoning procedure. We have prelimi- 
nary evidence, in rabbits, that immediate massive infusions of sodium chloride 
or calcium gluconate may be of some slight benefit. 


DEPOSITION IN MAN—VARIATIONS OF SR-90 LEVEL 


For situations of daily ingestion of Sr—90 over “sufficiently long” periods of 
time, the Sr—90/Ca ratio should become the same in all parts of the skeleton; 
that is, the distribution should become uniform, on a gross scale. In 1949, we 
analyzed skull bone, rib, vertebra and femur specimens from each of 21 humans, 
aged 5 months, 75 years, for stable, nonradioactive Sr, by emission spectro- 
scopy. In addition, 12 cadavers preserved since 1914 were also analyzed. 
Within any individual there were no significant differences in Sr content be- 
tween the various bones, although the Sr level of all these specimens from one 
individual may have been high or low with respect to the average for all indi- 
viduals studied. The 1914 values were not significantly different from the 1949 
values, suggesting perhaps that no major change in dietary Sr/Ca ratio oc- 
curred during this span of years.” What constitutes a “sufficiently long” time 
for this attainment of diet-bone equilibrium remains to be determined. It may 
be much longer for adults than for children. 

As to the ultimate site of residence for Sr or Sr—90 within the skeleton, 
X-ray diffraction evidence indicates that these atoms finally become incorpo- 
rated into the internal structure of the tiny crystals of bone mineral, possibly 
occupying lattice positions which normally would be filled by Ca atoms." This 
suggests that effective removal of Sr—90 which has been in the bones for more 
than a short time is possible only by dissolution (resorption) of the bone min- 
eral itself. Although such resorption and reformation of new bone is going 
on to some extent all the time in our bones, to hasten these processes arti- 
ficially to any useful degree, is almost impossible and medically very hazardous 
to attempt. 


PREDICTED OCCURRENCE FROM WEAPONS TESTS HELD PRIOR TO 1957 


For a number of years we have studied the relationships of the stable, nom 
radioactive, natural Sr which has always been present in tiny amounts in all our 
food and in all our bones, in order to set up a model for predicting the behavior 
of the Sr-90 which is now entering our lives. Recently. samples of soils; 
human foods such as milk, vegetables, fruit and eggs; feeds for cows and hens; 
and human ribs have been collected from six widely separated regions of the 
United States, by Mr. G. V, Alexander and Dr. R. FE. Nusbaum. They are now 
analysing these materials for nonradioactive Sr and Ca. The study is not 
complete, but one of the tentative results is that the value for 


(Sr/Ca) cow milk-- (Sr/Ca) cow feed=0.13 





9 Diminishing the Skeletal Retention of Ingested Radiostrontinm by Use of Chemical 
Agents. MacDonald, N. S., in “Therapy of Radioclement Poisoning,” ANL-5584, Argonne 
National Laboratory, p. 83 (1956). 

The Strontium Content of Human Bones, J. Biol. Chem. 185, 519 (1950), Hodges, 
MacDonald, Stearns, Uzmirlian, and Spain. 

2 The Ultimate Site of Skeletal Deposition of Strontium and Lead, J. Biol. Chem. 189, 
887 (1051). MacDonald, Pzmirlian, Spain, and MeArthur. 
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Now to arrive at a value quantitatively expressing the fate of Sr as it goes 
from our food to our bones, it is necessary to know what fraction of our total 
Ca intake comes from dairy products, what fraction from vegetables, from 
cereal grains, eggs, etc. This follows from the fact that Sr “travels” along with 
Ca in the biosphere, so that, aside from short term exposures to early fallout 
material containing particulate Sr-90, inhalation of dusts, etc., our long- 
term, prolonged, worldwide exposures to Sr-90 will come from the same dietary 
sources as our Ca. From published data, we estimate that about 72 percent 
of the total Ca intake for the whole United States population comes from milk 
and derived products and about 28 percent from vegetables, cereals, fruits, and 
eggs. The results on the aforementioned samples which have been analysed 
thus far, yield the following result: 


(Sr/Ca) human bone-+ (Sr/Ca) average diet=0.14 


Using this nonradioactive, natural strontium relationship as a model for pre- 
dicting Sr-90 behavior, we feel justified in saying that, at equilibrium on a fired 
level of Sr-90 contamination, the average Sr-90 activity per gram of Ca in the 
bones of the whole population will, in time, attain a value of about 0.14 or one- 
seventh that of the diet. This number is subject to adjustment, since the work 
is not yet completed. 


Application of the natural, nonradioactive Sr model to levels of Sr—90 con- 
tamination now evisting. 

The following values have been taken from the report on “Sr-90 in Man,” 
by J. L. Kulp, et al., which appeared in Science, February 8, 1957, 125, page 
219 (1957): 

(a) Average worldwide content of total body burden in man equals 0.12 micro- 
microcuries per gram of skeletal calcium. 

(b) Young children have 3 to 4 times the concentration mentioned above. 

(c) In 1955, the average diet for the human population in the United States 
had a burden of about 7 micro-microcuries of Sr—90 per gram of calcium. 

Using our factor from natural Sr for diet to bone of 0.14, if this level of 7 uuc 
remained fixed, we would predict that the attainable average bone burden would 
be (0.14) (7)=1 wue of Sr-90 per gram of Ca for the whole population. The 
burden actually observed was 0.12 suggesting that the bones of humans are 
not yet in equilibrium with the present dietary level of contamination. There is 
no direct information, derived from actual experiments, to tell us how much 
time will be required for the population to reach this equilibrium. 

None of the work presently underway here (UCLA) gives data directly perti- 
nent to establishment of a maximum permissible concentration (MPC) for Sr” 
in humans. The National Committee on Radiation Protection (National Bureau 
of Standards Handbook 52) has proposed a total body burden for adult individ- 
uals of 1 microcurie, which is approximately an MPC of 1000 micromicrocuries 
per gram of skeletal Ca. However, when dealing with whole populations, ex- 
posures are likely to be distributed approximately according to a normal, sta- 
tistical distribution curve. Therefore, if an average MPC of 1000 uwuc per gm of 
Ca were adopted for that population, and conditions so arranged that the average 
exposure did not exceed this, a considerable number of individuals would incur 
an exposure of 10 times this average. Therefore, it has been suggested that the 
MPC be lowered to 100 ue per gm of Ca, for controlling a populationwide con- 
tamination hazard. 

Using this lower MPC, the present worldwide average of Sr in humans is .12 
or about one eight hundred and fiftieth the population MPC. The present burden 
in children is one three-hundredth to one two-hundredth the population MPC. 
The populationwide average equilibrium burden to be reached some time in the 
future, if the present dietary level remains unchanged, will be one one-hundredth 
the population MPC, 

Put in another way, assuming an average daily intake in the United States of 
1 gram of Ca per day, members of the population could “safely” swallow 
109 -- 0.14 or 714 micromicrocuries of Sr” in their daily diet throughout a life- 
time. This radioactivity amount to about 714 X 10-° * 3.7 K 10‘=26 disinte- 
grations of Sr” per second. The present level of dietary intake is reported to be 
7 micromicrocuries or one one-hundredth this estimate of the tolerable amount 
(with so many uncertainties, the quotation marks need for further comment) 

One further speculation may be made on the basis of our natural Sr data. 
We know that the cow discriminates against the natural Sr in her feed during 
the overall process, feed to milk. That is (Sr/Ca) milk + (Sr/Ca) feed=0.18. 
This probably applies to Sr” also. Therefore, one can estimate the Sr™ getting 
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into the human diet via milk products, by monitoring only the cow feed. This 
obviates the overwhelming task of monitoring all the multitudinous dairy prod- 
ucts destined for human consumption. All such products should have a Sr”/Ca 
concentration of about one-seventh to one-eighth that of the cow feed, unless 
intentionally enriched by addition of uncontaminated mineral Ca. 


[Reprinted from Science magazine, June 28, 1957) 


SrroNtTiuM 90 Hazarp: RELATIONSHIP BETWEEN MAXIMUM PERMISSIELE 
CONCENTRATION AND POPULATION MEAN 


Recent discussions of radiation fallout (1, 2) have related the population 
mean Sr-90 body burden to the maximum permissible concentration, or MPO, 
Libby (1) has introduced the “MPC unit” (1 ue of Sr-90 per kilogram of cal- 
cium) and has used it to express concentrations of Sr-90 in milk, plants, soil, 
and so forth. The direct comparison of any mean with MPC, of course, im- 
plies that the two different terms are expressed in comparable units. Unfor- 
tunately, this is not true. The MPC unit represents the maximum permissible 
concentration of Sr-90 within the body that may be considered safe for any in- 
dividual—and the individual is assumed (3) to be a professional isotope worker, 
probably male, 45 or more years of age, who is exposed to the isotope only 
under rigidly controlled laboratory conditions. A population mean, on the other 
hand, does not represent a maximum value, but rather a value which, by defini- 
tion, will be exceeded by 50 percent of a population. 

How much of a quantitative difference results from this inequality of units 
of expression? One example may suffice. In discussing the Sr-¥0 burden in a 
general human population, at least three additional factors must be taken into 
consideration: S, a safety factor; C, an allowance for children; and H, a hetero- 
geneity factor. Thus, 

, ‘ 
MPC,.5.= = ; = 
SCH 


where MP€pop. is the maximum permissible concentration that would be safe 
for a population mean, and MPCoc. is the maximum permissible concentration 
for occupational isotope workers (1 wc of Sr-90 per kilogram of calcium, 3). 

Because of the uncertainty in the figures for maximum permissible concentra- 
tion, it is usually suggested that members of the general public should not be 
exposed to more than one-tenth of the radiation hazard that is permitted for 
occupational workers (4). The value of S is therefore taken to be 10. 

Kulp, Eckelmann, and Schulert (2) showed that children (0 to 4 years old) 
accumulate Sr-90 more rapidly than do adults (40 to 60 age group). The con- 
centration of Sr—90 in the bones of children averaged 4 to 5 times that found in 
the general population (and 10 percent of the children exceeded this figure by a 
factor of (twentyfold or more). Added to this differential accumulation factor 
is the factor of the increased vulnerability of this age group. This factor is 
difficult to evaluate without direct experiments. It can be pointed out, however, 
that children in this age group have over twice the expected life span ahead of 
them in which to develop neoplastic or bone calcification changes in response to 
radiation exposure. For the moment, C is taken to be 5 x 2, or 10. 

Within the 10 to SO age group, there is a substantial variation in body burden 
of Sr—90 for people in one area, who are presumably exposed to the same en- 
vironmental Sr-90 concentration. This may be related to differences in food 
habits, idiosyncrasies of calcium metabolism, and other factors. From the data 
of Kuip, Eckelmann, and Schulert (2) one can estimate that 6.8 percent of this 
population group will have a body burden of Sr—90 which exceeds by at least 
fivefold the population mean value for that age and area, 1 percent will exceed 
its population mean by about tenfold, and 0.2 percent will exceed its own popula- 
tion mean by more than fiftyfold . It is evident, therefore, that H must exceed 
10. Combining these terms, one would estimate that: 


1 we Sr-90/kg Ca 


X P , o Kaltes Coa ra ee 
IPCpop.S 10X10 10 


=1 muc Sr—90/kg Ca 


A comparison of this figure with estimates (1, 2) of the Sr-90 concentration in 
man leads to the conclusion that the Sr-90 burden in the general population in 
1955 was at least 10 percent of the MPCpop., and that if the predictions (1, 2) con- 
cerning the next 10 to 15 years are correct, the population mean value will 
shortly reach and exceed the maximum level compatible with public health and 
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safety. This view gives a very different picture of the probable safety situation 
from the one obtained by a direct comparison of MPCoc. and the population mean 
(1, 2) and points to the hazards of introducing novel units of expression without 
first considering their fundamental nature. 

Meanwhile, if any simple safety measures are available, advantage should be 
taken of these without delay. Since some 80 percent of the dietary calcium (and 
thus Sr-90) that enters the body comes from milk and milk preducts (5) it would 
seem possible to decrease the intake of Sr-90 by declacifying milk. Such a 
procedure is reportedly effective (6). The technology and economics of this 
process are essentially those used currently in the production of low-sodium 
milk (7) and in a process for soft-curd milk (8). Milk calcium could then be 
replaced by calcium derived from ancient sources (limestone, for example) 
which would have a much lower Sr-90 content. This procedure would not seri- 
ously disturb the calcium balance in the general population, and it could pro- 
vide an immediate four- to five-fold reduction in the intake of Sr-90. 

W. O. Casrer,* 
Department of Physiological Chemistry, 
University of Minnesota, Minneapolis. 
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Senator Anperson. Lt. Col. James B. Hartgering, Walter Reed 


Hospital, is our next witness and we are very glad to have you, 
Colonel. 


o—_ 


ge! 


Or 


STATEMENTS OF LT. COL. JAMES B. HARTGERING,? MC; ACCOM- 
PANIED BY LT. ARIEL G. SCHRODT, MSC, WALTER REED ARMY 


INSTITUTE OF RESEARCH, WALTER REED ARMY MEDICAL 
CENTER 


Colonel Harrerrtye. The Walter Reed Army Institute of Research 
has been engaged in measuring the worldwide fallout from nuclear 
tests since 1954. Following the radiation exposure of American mili- 
tary personnel to the March 1, 1954, detonation in the Pacific area, 
Walter Reed Army Institute of Research personnel had the opportun- 
ity of participating in their medical evaluation at Tripler Army 


1 Public Health Service Research Fellow of the National Heart Institute. 

? Born Detroit, Mich., October 30, 1919. Bachelor of arts degree, Cornell, 1940; doctor 
of medicine degree, 1943; master of jan health degree, Johns Hopkins, 1954. Chief of 
obstetrics and gynecology, Tripler Army Hospital, Hawaii, 1946-47; surgeon, Sandia 
Base, Armed Forces Special Weapons project, 1947-50; radiological safety officer, Opera- 
tion Upshot-Knothole, Nevada Proving Grounds, 1952; medical radiological safety adviser, 
Operation Tumbler-Snapper, 1952; medical consultant to Third Corps, Operation Desert 
Rock I, 1951: Chief, Medical Branch, Armed Forces Special Weapons project, Washington, 
Dp. C., 1950-53; Chief, Department of Biophysics, Walter Reed Army Institute of Research, 
WRAMC, 1954-55; Director, Division of Physiology and Pharmacology, Walter Reed Army 


Institute of Research, WRAMC, 1905—. (Submitted by Department of Defense.) 
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Hospital in Hawaii. As a part of the evaluation, urine specimens 
were analyzed for radioactive fission products. Routine control speci- 
mens were collected from residents of Honolulu and Washington, 
D. C., and it was determined that these contained about the same 
amount of iodine 131 activity as urine collected from the servicemen 
exposed to local fallout in the Marshall Islands. 

?rior to 1955 a number of scientists in the United States as well as 
other countries had measured nuclear debris using air filters, gummed 
paper, and soil sampling techniques. Professor Libby and others had 
measured the strontium content of human bones and a few human 
fetuses. Extrapolations were made estimating the expected levels of 
fission products in contemporary man, but many technical uncertain- 
ties prevented other than gross figures. No direct data was available 
for the accumulation of specific isotopes in the average individual as 
he goes about his daily routine. 

It appeared to us that the uncertainties of extrapolation of physical 
data to man were so great, and the problem of such fundamental im- 
portance, that direct measurements of large numbers of men should be 
ree re The fact that United States military personnel are sta- 
tioned throughout the world provides an ideal sampling network. 

It is known from animal and limited human data that many fission 
products are excreted by the kidneys and appear in the urine of ex- 
posed individuals in amounts that can be predicted, provided the ex- 
cretion rate for the individual isotope being studied is known. There- 
fore, it was decided that the measurement of radionuclides present in 
24-hour urine specimens could result in direct evidence of the amount 
and type of activity present in man. 


EXPERIMENTAL DESIGN 


In January 1955, with the cooperation of active duty military per- 
sonnel stationed as indicated in figures 1 and 2, a sampling network 
was selected. At each United States station, 10 individuals partici- 
pated and at overseas stations, 5 individuals. Twenty-four-hour urine 
specimens (1-2 liters) were collected by each individual in the United 
States once a week for 14 weeks during Operation Teapot and shipped 
by air to the Walter Reed Army Institute of Research. Foreign sta- 
tions contributed on a reduced schedule. In excess of 2,100 specimens 
from the 17 United States stations, and 500 from the 15 overseas sta- 
tions, were received and processed. Isotopes of iodine, strontium, 
and cesium were separated radiochemically and the levels of activity 
determined by low-level beta and gamma counting techniques. 


ForeIGN COLLECTION STATIONS, 1955 


Tropical Research Medical Laboratory, Puerto Rico; United States Air Force 
Hospital, Wiesbaden Germany; United States Air Force Hospital, Thule, 
Greenland; American Embassy, Australia; Fort Richardson, Alaska; 406th 
Medical General Laboratory, Tokyo, Japan; United States Mission, Cocha- 
bamba, Bolivia; United States Embassy, Pretoria, Union of South Africa; 
United States Army Mission, Rio de Janerio, Brazil; United States Air Force 
Dispensary, Tyo, Japan; United States Air Force Hospital, Luzon, Philip- 
pine Islands; Burtonwood Air Force Base, Warrington, England; Tripler 
Army Hospital, Hawaii; Army Medical Unit, Kuala Lumpur, Malaya; Kag- 
new Station, Asmara, Eritrea, 
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In March 1956, prior to Operation Redwing, a different network 
(fig. 3) was established after consulting Dr. L. Machta of the United 
States Weather Bureau. The number of stations was nec essarily re- 
duced because the proposed radiochemical procedures were expanded 
to include, in addition to the isotopes mentioned above, specific de- 
terminations for the presence or absence of zirconium 95, ruthenium 
106 and whatever other nuclides might be unexpectedly present. 
Again, in excess of 2,000 specimens were received and processed. 
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RESULTS 


Figure 4 is a schematic representation of the tropospheric and 
stratospheric distribution of radioactivity following nuclear detona- 
tions. Since in this study we are measuring man directly, the values 
obtained represent the total fallout accumulated in and available for 
assimilation into the human system at the time of sampling, irrespec- 
tive of its source. In view of the long estimates for stratospheric 
storage time (half time of 7- 30 years) and the short physical half 
life of iodine (8 days), it is perhaps apparent that much of the activity 
measured in the urine specimens was tropospheric in origin. 


FIiGure 4 


Behr. 


REET 


Tigures 5 to 13 are examples of the positive data obtained. Todine 
values represent the average activity of the 10 or so individual speci- 
mens submitted from the specific station on the date noted. Values 
are corrected for decay to the time of collection. The values among 
individuals at the same station differed by as much as a factor of 10, 
but this is within the expected biological variation. The cesium and 
strontium values were determined by pooling specimens from one or 
more weekly collections at a given station. Pooling was required as 
the expected activity was so low as not to be otherwise detectable, even 
with the very sensitive low level counting equipment at the Walter 
Reed Army Institute of Research. Strontium values are available 
only for the first 6 weeks of the Redwing (April-September 1956) 
study. The remaining samples are currently being processed. Cerium 
144 is known to be present in the 1956 specimens, but the actual 
amounts are as yet undetermined. Detailed radiochemistry failed to 
reveal the presence of either zirconium or ruthenium. 
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The generally rising levels of specific activity during each test 
series are noted in most of the figures. In addition certain peak values 
are apparent, particularly for iodine and cesium. These rises, in gen- 
eral, correspond to the presence of a specific radioactive airmass over 
or near the sampling station. Airmass trajectories were obtained from 
Dr. L. Machta and are represented by (X’s) at the appropriate alti- 
tude as measured in thousands of feet. The correlation between abrupt 
peaks of activity in man and the presence of an active airmass is quite 
good, Further, negative urine data obtained during Operation Tea- 
pot, at other stations not shown in the figures, such as Letterman Army 
Hospital, San Francisco, and Westover Air Force Base, Mass., helps 
to strengthen this correlation. In our opinion the peaks, particularly 
for iodine, but also for cesium and perhaps strontium, are due to in- 
halation of the radionuclides and do not reflect transmission through 
the food cycle. No doubt the plant animal-food cycle also contributes 
to man’s radioactivity, but at early times we would suggest that inha- 
lation may be the primary entry route for certain isotopes. 

Utilizing known average excretion rates for iodine and cesium in 
man, our urinary values can be converted to estimated body burdens 
for Operation Teapot (1955). The maximum average iodine thyroid 
values were obtained from Ogden, Utah, and were 11X10~ micro- 
curies per individual. For Redwing (1956) the maximum was at 
Denver, Colyo., where the average thyroid burden was 13 X10- micro- 
curies. It isemphasized that these are maximum values and represent 
respectively 1/10,000 and 1/100,000 of the amounts given as tracer 
doses to patients in radioscope clinics throughout our country. 

The maximum cesium body burden for Redwing was obtained from 
Washington, D. C., and was 3.4107 microcuries. This may be com- 
pared to the proposed tolerance value of 30 microcuries. 

Available strontium excretion values for general locations are noted 
in figure 14. The urinary excretion rate for man can only be estimated 
at the present time, but a conservative figure would indicate a body 
burden of the order of 1 to 5X10-§ microcuries as compared to the 
general population tolerance of 0.1 microcurie. 


CONCLUSIONS AND RECOMMENDATIONS 


The data obtained in this program by measuring in excess of 4,600 
94-hour specimens indicates that several fission products are readily 
detectable in man. Estimated body burdens for individual isotopes 
were several orders of magnitude below currently acceptable toler- 
ance limits. Incidently, our values agree, in general, with those 
measured by other laboratories and by other methods, 
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Strontium values 
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This is to our knowledge the first example of such an extensive 
sampling program in the field of medicine and establishes the fact that 
the levels of the various fission products can be readily determined in 
the world’s population by directly measuring man himself. This 
method avoids any uncertainties inherent in extrapolations from 
purely physical or animal data to man, and should provide an addi- 
tional assurance that, in fact, the nature of current radioactive fallout 
is understood in considerable detail. Further, we believe that the 
methodology used in this program could, if desired, be expanded and 
employed as a continuing positive check on the status of worldwide 
fallout. If indeed, the radioactivity i in man began to increase in any 
part of the world, it could be recognized immedia tely and appropriate 
precautionary measures taken before significant levels of activity were 
reached. 

As is often the case in the study of medicine, however, a considerable 
amount of painstaking research still needs to be completed before we 
will be in complete control of the atom and its possible effects on man. 
The obvious gaps in our medical knowledge today are in the following 
three areas: 

(a) The requirement for a more complete understanding of the 
kinetics (uptake, distribution in the body, and excretion rates) of the 
isotopes now known to enter the body. 

(4) The somatic effects of the combination of the several isotopes 
cu man. Current tolerances are established for individual isotopes, 
and it is assumed that the effects are merely additive, but detailed in- 
formation is not yet available. 

(c) A long-term continuing evaluation of the actual effects of these 
isotopes on man so that factu: al tolerance values can be established. 

As research continues in these and other areas and the details be- 
come more completely understood, it is entirely possible that, in addi- 
tion to physical methods, certain preventive medical measures may be- 
come available which w ill reduce the possible accumulation of even low 
levels of isotopes in man. I would like to point out that preventive 
research in nuclear medicine is really just beginning at the present 
time and a considerable degree of optimism is, in my opinion, justified. 

Mr. Ramey. Does your work mean that individuals then pick up 
strontium by breathing from the air? 

Colonel Harverrinc. That is right. 
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Mr. Ramey. As well as from food and milk, and so on? 

Colonel Harreertne. We feel that our data shows this without ques- 
tion, sir. 

Mr. Ramey. Is the amount they pick up significant in relation to 
these other amounts? 

Colonel Harreertna. This is a very difficult question to answer be- 
cause it depends on the location of the individual. For an individual 
who is working for the Department of Defense or the Atomic Energy 
Commission at the test site, the amount that he picks up during the 
test period is significant. For the individual several thousand miles 
away this is just a part of it, and maybe it is a small fraction of the 
total that he will pick up over the next period of time. In our 
opinion the peaks particularly are due to the inhalation and do not 
reflect transmission through the food cycle. No doubt the food cycle 
is important and also contributes to man’s radioactivity at late times. 

Mr. Ramey. Doctor, are the methods that you have used such that 
they are readily adaptable to monitoring strontium in bone? 

Colonel Harrcertna. The methods we used are the same as Dr. Kulp 
uses in measuring the amounts in bone. We start out with several 
gallons of liquid urine and reduce it to a small volume and do essen- 
tially the same chemical separation and measuring procedures that 
he uses. 

Senator Anperson. Thank you very much. This has been a ver 
interesting discussion. I certainly commend you on the work that is 
being done in the field. It is very encouraging. 

Now we come back to where we should have started this afternoon 
had we been able to stay on schedule: Dr. Langham and Dr. Ander- 
son of Los Alamos Scientific Laboratory. 


STATEMENT OF DR. WRIGHT LANGHAM,’ ACCOMPANIED BY DR. 
E. C. ANDERSON,? LOS ALAMOS SCIENTIFIC LABORATORY 


(A comprehensive report by Dr. Langham and Dr. Anderson on 
the hazards of strontium 90 appears on p. 1348.) 


Dr. Lancuam. The remarks that I plan to make, I would like to 
limit to a consideration of the long-term fallout problem in preference 
to getting involved in the discussion of what might be the result of 


1 Received a bachelor of science degree in science from the Oklahoma A. and M. College 
at Goodwell, Okla., in 1934, and a master’s degree from the Oklahoma A. and M. College 
at Stillwater, Okla., in 1935. From 1935-37 he held a position of research chemist with 
the Agricultural wapettestet Station at the Oklahoma A. and M. College at Goodwell. 
Irom 1937-38 he did graduate work at Iowa State College, Ames, Iowa, working in the 
field of organic chemistry. From 1939-41 he returned to the Agricultural Experimental 
Station at Goodwell, Okla., as acting experiment station director. In 1941 he entered the 
University of Colorado, from which he was awarded a doctor of philosophy degree in 
biochemistry with a minor in biology in 1943. In the same year he joined the staft of the 
Manhattan district’s metallurgical laboratory at the University of Chicago, where he 
worked on the chemistry of piutonium. In 1944 he was transferred to the Los Alamos 
Scientific Laboratory, Los Alamos, N. Mex., to study the toxocology of plutonium and to 
develop methods of diagnosing exposure of personnel to this material. In 1946 he became 
the group leader of the biological and medical research group of the laboratory. Since 
then he has investigated a number of major problems concerning the biological and medi- 
cal aspects of atomic energy development. These include rates of retention and excretion 
of internally deposited radioactive isotopes, toxicology, and physiology of tritium in man, 
relative biological effects of ne radiations of diiferent types and energies, including 
bomb gamma rays and neutrons, incapacitating effects of massive doses of radiation 
hazards from accidental noncritical detonation of atomic weapons, and the biological and 


medical implications of worldwide radioactive fallout. He is at present group leader of 
the biomedical research group and assistant division leader (for research) of the Los 
Alamos Scientifie Laboratory’s Health Division, and is an associate professor of biochem- 
istry with the University of California at Los Angeles. He is a member of the following 
committees and organizations; Subcommittee on Internal Tolerauces of the International 
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shorter-term fallout in the event we are actually involved in a nuclear 
war. 

If we look over the fission products and the radioactive debris that 
results from weapons detonations, we find we can immediately elimi- 
nate the majority of the fission products as a long-term hazard on the 
basis of their physical half-life, their biological half-life, or the de- 
gree to which they enter into the ecological cycle. 

Further inspection of these results indicate that there are really 
only three which might be of serious consideration. One is plutonium 
239. It has not been mentioned in this meeting perhaps, but nea 
time a bomb has been exploded it has probably made about as much 
plutonium as was burned up in the detonation. Therefore in these 
atomic clouds we do have plutonium. 

We have only two other isotopes of appreciably long half-life which 
have a possibility of being hazardous. Those are strontium 90 and 
cesium 137. Let us dispose of the plutonium problem first. 

Plutonium is a manmade element, at least in any great abundance. 
It is not taken up by plants and the discrimination factor is going 
from soils to plants for plutonium is a matter of 10,000. Plutonium 
is extremely poorly absorbed from the gut. The discrimination in 
this case is another factor of ten to the fifth or a hundred thousand. 

Then we can immediately say that the concentration of plutonium 
in the bones of the indieibeale will be only of the order of one-one 
hundred millionth of what it is in the soil. 

Knowing the amounts of plutonium that are made in these detona- 
tions, it is immediately possible to eliminate plutonium for any further 
consideration in the long-term fallout problem. 

Let us now come to cesium 137, When a bomb is detonated the 
fission products form at various stages after the detonation. Cesium 
137 and strontium 90 are formed with a halftime of about 3 minutes, 
which means they are formed late in the history of the fireball. Con- 
sequently, they are not trapped as much as are other isotopes in the 
heavy debris which falls out locally. 

Since they are formed at approximately the same times in the history 
of the fireball, cesium and strontium tend to go together. So where we 
find one, we will find the other; in approximately the ratio they occur 
in the fission mixture, which is almost 1 to 1, 

Then every time we havea millicurie per square mile of strontium 90, 
we will have a millicurie per square mile of cesium 137 deposited. 

In order to evaluate the cesium 137 hazard, let us refer to natural 
potassium. The body contains approximately 150 grams of potassium. 
This is vital to life. Potassium, however, is radioactive, having in it 


Footnote continued from preceding page. 


Commission for Radiological Protection; Subcommittee on Internal Radiation Tolerances 
of the National Committee for Radiation Protection; Subcommittee on Incineration of 
Radioactive Wastes of the National Commission for Radiation Protection; Subcommittee 
(Chairman) on the Relative Biological Effects of Ionizing Radiation of the National Com- 
mission for Radiation Protection; Subcommittee on Toxicity of Internal Emitters of the 
National Academy of Sciences and National Research Council; the American Association 
for the Advancement of Science; Radiation Research Society ; Health Physics Society ; 
Sigma Xi Honorary Scientific Research Society. (Submitted by witness.) 

2 Date and place of birth: August 28, 1920, Rock Island, Il]. Education: Bachelor of 
arts, Augustana College and Theological Seminary, 1942; doctor of philosophy (chemis- 
try), Chicago, 1949. Work history: Assistant analyst, chemistry metallurgical labora- 
tory, Chicago, 1942-44; Los Alamos Scientific Laboratory, 1944-46; Member: Staff bio- 
physics, 49— ; Rask-Orsted fellow, Copenhagen, 1951-52 ; Chemical Society, natural radio- 
earbon liquid scintillation counter; low-level radio activity measurements; neutrino detec 
tion ; nuclear radiation dosimetry. (Submitted by Atomic Energy Commission.) 








RADIOACTIVE FALLOUT AND ITS EFFECTS ON MAN 743 


the isotope potassium 40. The number of gamma disintegrations oc- 
curring from potassium in the human body is approximately 450 per 
second. 

In other words, from the natural potassium in our bodies, we are 
absorbing 450 gamma disintegrations per second. The number of 
beta disintegr: ations are approximately 9 times higher. 

So therefore, we are getting somewhere around 9 times 450, which 
is about 4,000 beta disintegrations per second from potassium, 

All of this is equivalent to 8 page y a tenth of a microcurie of 
activity. The amount of activity, taking into consideration the ab- 
sorption factors in tissue, will result in our receiving a radiation dose 
of approximately 20 millir ventgens per year. This constitutes ap- 
proximately 20 percent of our natural background of 100 milliroent- 
gens per year. 

When we measure, using the human counter at Los Alamos and 
the crystal counter at the Argonne Laboratory, the cesium to potassium 
ratio in people, we find that this ratio is approximately 0.05, meaning, 
then, that the amount of radiation that we receive from the cesium in 
the bodies of people asa result of w eapons testing so far, is about one- 
twentieth of what we receive from the natural potassium background 
level l. 

‘The present concentration, then, of cesium 157 in people is con- 
tributing approximately 1 m illiroenteen per year, It is of interest, 
of course, to everyone to consider what about the genetic dose. Since it 
is pretty well established that we have had to and will continue to live 
with background, the question then becomes one of whether cesium 
137 concentrates in the gonads imposing on the population a genetic 
lose out of proportion to the 1 milliroentgen per year delivered to the 
total body ? 

Analysis of the gonads of animals injected with cestum 157 show 
there is no concentration above n rormal in these organs. The pr incipal 
site of concentration of cesium 137 is the same as that of potassium— 
the muscle. So we might expect muscular people to have a little more 
cesium than do fat people. We might expect men to have more than 
women and variation in cesium 137 over the country is but not more 
than a factor approximately 2 or 3 at most. The dose that we receive 
to our gonads as a result of cesium 137 fallout is, therefore, approxt- 
mately equal to the dose that we receive to the rest of the body. We 
can say with confidence that cesium 137 is Increasing our gonad dose by 

1 milliroentgen per year, which is again approximately only 1 per- 
aaa of the radiation dose our gonads receive from natural back- 
ground, 

‘This, then, definitely says that it is hard to imagine cesium 137 being 
either a genetic threat or 2 somatie threat, unless we can say that con- 
tinued weapons testing or fallout from the stratosphere is going to 
increase this level by manyfold. Cesium 137 when it falls upon the 
soil becomes tightly bound and associated with the soil colloids and 
cannot be leached off very readily and consequently is not taken up 
by plants except perhaps to the extent of 1 percent. So at most the 
concentration in the plants we eat will be only about 1 percent of the 
concentration in the soil. 

Another question, then, might be, is it possible that this material, 
as is the case with strontium 90, concentrates in the bone or in some 
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tissue from which it has a very slow biological turnover time. Using 
human subjects we have measured the turnover time of cesium 137, 
There measurements show that it concentrates in the muscle and the 
muscle constitutes a major portion of the body mass. Therefore, it 
is not concentrating a great amount of radiation in a small volume 
of tissue. 

When we measure the cesium 187 turnover time in people, we find 
that half of it is disappearing every 110 to every 140 days. Then 
there is no long-term highly concentrating mechanism in the body. We 
can assume that if weapons tests continued at the present rate, the 
cesium 137 level in people, which is in reality a measure of the amount 
of cesium that is falling out in any given period of time and not the 
total integrated amount of cesium, will remain essentially constant 
with a constant weapons test rate. 

If we accelerate the test rate, we will increase the level of cesium 
137 in people by a proportionate amount to the amount of fission that 
is involved in the weapons tests. 

Remember, we are not talking about megatons of explosive yield 
in this problem. We are talking about the megaton equivalents of 
fission products put inte the biosphere. We can explode bombs with 
a greater thermonuclear component (and no greater fission compon- 
ent), thereby increasing greatly the yield of weapons fired, and not in- 
crease greatly the amount of fission products added to the biosphere. 
It is my understanding that Dr. Neuman’s number of 2.2 megatons per 
year is referring to fission yield injected into the biosphere, and not 
yield of total explosive force fired. 

Mr. Ramey. When you say “we,” you mean the United States. That 
would not necessarily mean some other country that was just learning 
how to make bombs ¢ 

Dr. Lancuam. Anybody who is firing atomic weapons is being re- 
ferred to, or should be, in terms of the amount of fission products that 
he puts into the biosphere. not the total yield of his weapon. 

Mr. Ramey. I understand that. I meant in relation to getting more 
explosive yield with less fission through some mechanism. 

Dr. Lancuam. Getting more explosive yield through less fission 
is in all probability what any country will be doing. 

Senator Anperson. We did not do it the first year we started our 
work. Did we not wait a few years and gradually develop into this 
and therefore do you not think other countries not as advanced may 
do the same thing we did? 

Dr. Lancuam. We have a pretty good idea that the British and 
Russians are already doing the same as we did. In other words, the 
thermonuclear yield or the thermonuclear weapons tested both by 
the Russians and British are an attempt to get more yield which 
involves less fission. 

Senator Anperson. I think we would all agree tothat. It isa fusion 
type toa great degree. 

Dr. Laneuam. It doesn’t matter whose weapon it is. The thing 
that is of critical importance is not the total yield of the weapon 
from the point of view of the problem we are discussing, but how 
much fission they had to employ in order to get that yield. 

Senator Anperson. You did not think Dr. Neuman did not under- 
stand that, did you? 
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Dr. Laneuam. I do not know whether he did or not, He said 
megatons of bombs. 

Senator Anperson. No; he did not. You were not following him 
very closely. He had exactly the same definition you used. 

Dr. Laneuam. That is fine. What I want to say is that this does 
not mean—and I want to be sure that the audience understands— 
that 2.2 megaton yield is the limit to the amount of testing that we 
can do. It is 2.2 megatons of fission yield injected into the biosphere. 

Senator Anperson, I though Dr. Neuman made it clear, and I am 
glad you did also. 

Dr. Lancuam. Then I am sorry. This, then, will bring us to the 
point where I think we ean say that the cesium 137 problem is cer- 
tainly and will remain secondary to the strontium 90 problem. This 
makes, of course, the strontium 90 problem considerably more inter- 
esting and focusses attention in the cesium 137 work on using cesium 
137 to study the mechanisms whereby radioactive fission products 
are distributed in the biosphere. It is for that reason that studies 
in this direction certainly should continue. It is very possible that 
cesium 137, or what we learn by cesium 137 until it hits the ground 
and begins to enter the ecological cycle, can tell us a great deal of 
what happens to strontium 90 before it hits the ground. 

Cesium 137 is much easier to measure than strontium 90. So we 
may be able to collect considerably more data on strontium 90 by 
inference to cesium 137 work. 

We have just received a phone call from Dr. Rose in Chicago who 
asked us to read something into the statement that he entered into 
the record with regard to the cesium 137 problem. Dr. Marinelli 
and Dr. Rose have just measured the cesium 137 content in a number 
of people from South America. Their result indicates that the average 
found in those people was about 14 micromicrocuries of cesium per 
gram of potassium, and that compares to the measured value in the 
United States of 84; 14 versus 34. This signifies, then, that if 
strontium and cesium do indeed go together, then there is a factor 
of 2 difference between the fallout in South America and the fallout 
in the United States. This would indicate again what you have 
heard voiced many times today, that despite the fact that one might 
think of great variations over the face of the earth, these variations 
do seem to be confined to factors of 2 and 3, This is a very important 

roint. 
As far as I am concerned, this is what we have to say with regard 
to the cesium 137 problem. I would like to mention the strontium 
problem insofar as we see it and perhaps add a little more to what has 
already been said, with regard to equilibrium levels, and its relation 
to the present test rate. 

First I would like to put down the numbers that have been quoted 
variously, and some of them here today, for the estimated strontium 
90 level in the bones of people at the point of maximum fallout which 
will be in about 1970 or 1975, and realiy show you how these values 
agree. 

Dr. Libby in his recent speech has estimated that the level would be 
from 1.7 to 2.5 micromicrocuries of strontium 90 per gram of calcium 
at equilibrium, assuming no more weapons tests. This estimate was 
made on the basis of ecological data, assuming a discrimination factor 
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of from about 29 to about 30, somewhat in disagreement with the dis- 
crimination factor you have heard expressed by Dr. Neuman. 

Senator Anperson. May I ask, is that a eoenperalte figure to the 
figure of 8 which he was using? 

Dr. Laneuam. That is ri ight. 

Senator ANDERSON. 20 to 34? 

Dr. Lancuam., 20 to 30. 

Dr. Kulp in his recent article—and I am talking now about the 
United States of America and the upper northern section, the section 
that is supposed to have the most fallout—made an estimate of : approx- 
imately 2 pye per gram of calcium, again based on ecological consider- 
ations. 

We have made estimates at Los Alamos on the basis of ecological 
factors also. The average equilibrium level for the United States we 
come out with as 3.1. We have taken Dr. Kulp’s bone data and 
made a correction that we think is justified. I have not discussed it 
wae him. On that basis we come out with 3.2 for the equilibrium 

svel for the upper United States. 

"Dr. Eisenbud in his consideration this morning, talking about New 
York, estimated an equilibrium level of 4.1. We have also derived a 

value from milk data by merely taking not the average for New York 
but the average ~ one New York, and other milksheds, and we 
cbtain a value of 3 

I think it is amazing that we do get agreements this close together 

when these are derived by different means. The thing perhaps we 
should be considering is the average for the population belt of the 
world, because the major portion of the fallout is occurring in that 
area which has the major number of inhabit: a If we do this, we 
can es tim: ute for the area between 10° N. and 60° N. latitude, approxi- 
mately 2.5 micromicrocuries of strontium 90 per gram of bone calcium. 
These are average values for the area. 

Suntator Anprrson. Are all these figures based on no more testing? 

Dr. Lancuam. These are all based on no more testing; yes. 

Senator Anprrson. I don’t understand why you start on that as- 
sumption. 

Dr. Lanenam. You must start on that assumption and it is the first 
step in going on to trying to estimate what will happen later. This 
is the reason. 

We can make estimates for the entire world and obtain an average 
of the world population. Dr. Kuip has made such an estimate. For 
the entire world he has estimated a value of about 1.3. We have 
estimated this value by two different methods—by considering eco- 
logical factors and by using Dr. Kulp’s bone data—-and when we do, 
we come out with a value of 1.7, again amazingly good agreement. 

Senator Anprrson. Doctor, does that not also point up how ac- 
curate your observation was a minute ago? You were talking about 
cesium and the study that had been made in Latin America and you 
said Latin America it was half of what it was in North Americe 
You said this is also very similar to the strontium figure and the 
strontium. figure would show that, because you have a figure of 2.5 
here and something like 1.3 there which is certainly comparable to 
the figures you had a moment ago. 

Dr. Lancuam. Thank you. I didn’t notice that myself. 
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Senator Anperson. Is it accidental or does it seem to work out 
that way ? 

Dr. Laneuam. I think as our data get better and better we are 

oing to find these things beginning to pull together. I can remem- 

r when the arguments here were that this may be as high as 50. 
Now we have it narrowed down so that the disagreement is at most 
a factor of 2. Remember, I am talking about averages over a specific 
area, and there is a certain finite probability that any person or that 
& person or a few persons in any proscribed area will run as much 
as 2 to 3 times these values and I am now talking about the very fac- 
tor that Dr. Neuman was introducing, his V-1 factor that he put into 
his equation. 

On this basis, then, we can do a little more with the data as far 
as what does it mean with regard to present and future tests. 

Let me now talk in terms of the population average of 2.5. I am 
talking now about the area of 10 north to 60 north latitude. Present 
levels are only about one four-hundredth of the workers permissible 
value if we want to assume that the maximum permissible level that 
we will permit the population in this area to reach on an average 
is 1,000 micromicrocuries per gram of calcium, the occupational tol- 
erance—remember, Dr. Kulp did this some time ago and got criti- 
cized for it because it is as inferred that he was recommending we 
let the population do this, he was not so inferring but was merely 
trying to tie the values to something that we have accepted and we 
have accepted that the maximum permissible level for the working 
or occupied population shall be 1,000 micromicrocuries per gram of 
calcium. It is pretty well established insofar as the national and 
international conferences on radiation protection are concerned, that 
if we are including a large segment of population of nonworking 
people, then we should lower this by a factor of 10, which puts it 
to 100 micromicrocuries per gram. 

Dr. Neuman has preferred to use 50 here, because of the statement 
that was made in the National Research Council and National Acad- 
emy of Science report, in which it was merely said it may be advisable 
in the case of children to lower this even further. 

We can now set up a simple proportionality between strontium 90 
equilibrium megatons of fission to date as Dr. Kulp did, in which he 
took Dr. Libby’s data on stratospheric storage and fallout, and he 
said the present situation we face must be the result of the injection 
of approximately 50 megatons of fission yield into the biosphere. 

If this be true we set up a simple proportionality and say that 2.5 
is to 50 megatons as x is to 1,000 or 100 micromicrocuries per gram 
of calcium, and we can calculate the number of megatons of fission 
weapons we would have to fire all at one time (and let them fall out at 
one time) in order to bring the average of the population belt up to 
these various levels. 

When one does this, he comes out with 20,000 megatons of fission 
products injected into the biosphere would bring the population to an 
average level of 1,000 micromicrocuries per gram of bone calcium. 

Two thousand megatons exploded all at once (and letting it fall out 
all at once) would bring the average up to 100 micrimicrocuries per 
gram of calcium. 
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Now we get into the areas of uncertainty. The things that are most 
important, far more important than factors of 2 difference in distri- 
bution or factors of 2 difference in the equilibrium level in people. 
For example, we have right here a disagreement of a factor of 10 
depending on whether we use the occupational or nonoccupational 
permissible level. If we want to use Dr. Neuman’s level of 50, we have 
then a disagreement of a factor of 20. 

Then our major source of disagreement is on what do we dare let 
the level in the population reach on the average. Let us do something 
more with this. Let us say that a factor of 3 is enough to cover the 
difference in distribution and the discrimination factor. Then we 
would say we would want to divide this number by 3 (20,000) which 
would give us roughly 7,000, and in this case (2,000) would give us 
roughly 700, which would say we could explode 700 megatons before 
we would take a chance of bringing many people up to the nonoccupa- 
tional exposure. 

Let us assume that the tail on the stable strontium distribution curve 
that Dr. Kulp has presented, in which he said that it was skewed dis- 
tribution. Let us take the attitude of the ultraconservative and say 
because this tail exists and we do not have a normal distribution we 
had better apply a factor of greater than 3. Some people have done 
this. They have said the bone data themselves, show a spread of a 
factor of 10. Let us introduce a factor of 10. That would mean we 
would have to divide the 7,000 by 10, which would give us 700, and if 
we divide the 700 by 10 we are now down to 70 megatons. In other 
words, there is on this basis at the present time a factor of about 200 
to 300 disagreement between the ultraconservative and the person who 
dares be somewhat radical. Where does this variation lie? 

A factor of 10 lies in this point where some person might say it 
does not hurt to let people reach 1,000 micromicrocuries, another says 
100 and another says even lower. 

There is another factor of 10 in what we assume for the spread in 
non-homogenity of distribution of this material in people and soil. 

Then if we multiply 10 by 10 we have a factor of 100. So 100 out of 
our 200 or 300 disagreement comes in 2 points, which points out im- 
mediately, the important things for us to do. 

Senator Anprerson. Doctor, would you excuse me just a second. I 
do not follow you for a second there. When you have 25 over 8 you 
come out with 7,000, When you have 25 over 10, why don’t you come 
out with 2,000 ? 

Dr. Lancuam. You are right. That is what I should come out 
with, 2,000 and 200. In other words, 2,000 and 200 instead of 700 
and 70. 

I think my statement was that the most important things for us 
to do is to work on what really should be the average maximum per- 
missible level that we dare allow a large segment of the population 
to reach. 

The second thing that we should do is continue the type of work 
that Dr. Kulp is doing, and others, and study by all means the dis- 
tribution of strontium 90 in soils, the distribution of strontium 90 in 
bones, and anything which will give us a cue as to the nonuniformity 
aspect of the problem. 

Do we divide by 10: do we divide by 3; or don’t we divide at all? 

The Atomic Energy Commission’s research program, that of the 
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Division of Biology and Medicine, is pointed in this direction. What 
does this mean in terms of future tests ? 

This, as I said, was a consideration based on no more weapons test- 
ing and then firing a number of megatons and making the assump- 
tion that they all came down at once and they were all injected into 
the biosphere at once. 

If we continue to test weapons at the present rate, and this is some- 
thing that I know has worried Senator Anderson a great deal, we 
cannot establish yet what the increasing rate of weapons testing is. 
In Castle—and I do not mean weapons testing, I meant to say the 
rate of injection of fission products into the biosphere. It does not 
correlate necessarily with megatons of weapons exploded. 

In Castle we exploded a lot. In Redwing we exploded quite a num- 
ber of megatons of yield but less fission products were injected. 

So it is hard to say that we do have any kind of an increasing rate 
in weapons testing which will allow us to say what we will go to if we 
continue to accelerate at our present rate. But we can say this: If 
our present situation is the result of 50 megatons injected into the 
biosphere and this has occurred over 5 years, then we are roughly 
contributing on an average about 10 megatons per year to the bios- 
phere. If we continue at this rate, there are two numbers that one 
can use. Only two estimates have been made, one from the British 
and one by Dr. Libby. 

Dr. Libby has stated that if we continue at our present rate, we 
will reach equilibrium at about 8 times the level that we would be at if 
we stopped immediately. 

For the ahaa belt we said it was 2.5 micromicrocuries per 
gram of calcium. If we take 8 times that, that gives us roughly 20 
micromicrocuries per gram of calcium will be the average level in the 
people in the population belt if Dr. Libby’s factor of 8 is right and 
if we continue to test by injecting 10 megatons per year into the 
biosphere. 

This is not in disagreement with somebody who said 24 this morning. 

Mr. Ramey. That was Dr. Kulp. 

Dr. Lanauam. If you want to consider the United States, the United 
States is somewhat higher. In other words, here we would have cer- 
tainly as much as 3. So 3 times 8 equals 24 which was the figure Dr. 
Kulp quoted for the United States. 

There is one other figure. Let us enlarge this still further. If 
this is the average and we say we can let a factor of 3 take care of non- 
homogenities, then there may be a few people who will be 3 times the 
average in the United States, or 72 micromicrocuries, which is getting 
up close to the recommended maximum level of 100. 

If we want to be even more conservative and introduce a factor of 
10, then we must multiply 24 by 10 which gives us 240 which is a fac- 
tor of 2 above what has been specified as the maximum permissible 
level. 

Again we must emphasize the necessity of our settling this idea of 
what is the area of uncertainty. This can only be done by statistical 
treatment of large numbers of samples. 

The British come up with a somewhat more conservative number, 
On the basis of their soil and air and water measurements, they have 
said that if the present rate of testing continues, Britain will have 
200 millicuries of strontium 90 per kilometer squared, which is roughly 
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500 millicuries per square mile, which is 900 micromicrocuries per gram 
of calcium in the soil. If we assume a discrimination factor of 10 
which I like better than Dr. Neuman’s factor of 8—but I think you 
will agree the difference is not great—then this would mean accord- 
ing to the British figures the average in the population of Britain 
would reach 90 micromicrocuries per gram of calcium indefinitely 
or in about 100 years of testing which is almost our maximum level of 
100. 

Now if we multiply that by 3 in order to allow for nonhomogenity 
of distribution, we have a segment of population that could conceiva- 
bly go as high as 270. Then immediately we get to the most critical 
point, and that is: What does this mean in terms of risk to the popula- 
tion of the United States and to the population of the world? This 
is a subject about which I feel very aa but I know that the com- 
mittee has lined up the finest experts in the country on this subject, 

so I think probably this is a good place for me to stop unless you want 
te drag it out of me by questions. 

Senator Anperson. No; I only want to know if I understand this 
at ‘the end. Is that comparable to the 100 safe figure that was being 
used ? 

Dr. Lancuam. We have 2 bases: We have Dr. Libby’s factor of 
8, which gives us a level of about 24 micromicrocuries at equilibrium 
if we continue testing. That is on the average. So we can multiply 
it by 3, assuming that there is a factor of 3 spread. That would give 
us 72. This would then meanthat there was a finite probability that a 
few people might go this high when the average is 24. Our maximum 
permissible level for larger areas of population is 100 micromicro- 
curies. So we can see if we continue testing weapons at our present 
rate, or rather injecting fission products into the biosphere at the pres- 
ent rate, then we would level off at about one-fourth of the maximum 
permissible level on the average. 

There is a possibility that some people would be almost there. 

If we take the British values based on soil deposition in Britain and 
use their factor—instead of saying 8, they really say we will reach 
equilibrium between 12 and 14 times, and there is a disagreement. be- 
tween the British and Dr. Libby—then what corres sponds to the 24 
in the United States goes up to 90 in Britain. What corresponds to 
the 72 in the United States goes up to 270 in Britain. 

Senator Anperson. Is that 270 to be compared with the 100 which 
is the safe level ? 

Dr. Lancuam. Yes. This is to say that the average on the basis of 
the value of 90 would be below the safe level if you want to call 100 safe. 

Senator ANpERSON. But those people who are above the average 
would be right at the level. 

’v, Lancuam. And these people with 270 would be a factor of al- 
most 2 above this level. 

Representative Horirietp. Almost 3. 

Dr. Lancuam. Yes 

Senator ANpErson. How m: ny vears would it take to achieve that? 

Dr. Lancuam. According to the B ritish it would be reached in 100 
years and according to Dr. Libby in about 50. Which of these 
eee you may select depends entirely on the crucial biological point, 

hich is, is it leukemic and bone sercoma response to radiation dose 
iaaee with dose, or is ita threshold? If it is a threshold, we have to 
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look at this (100 micromicrocuries) as the maximum permissible level. 
If it is a nonthreshold response we may look at this as an average 
level and try to decide what the risk is averaged over the entire popu- 
lation or averaged over any segment of the population. 

What a nonthreshold response essentially says is that for every 
increment increase in dose there is an equal increment increase in 
effect and theoretically there is no maximum permissible level. There 
is an extremely small probability that any amount of radiation, the 
amount we wear on our wristwatches or the amount that we get from 
our natural potassium is going to harm somebody. 

So the whole point of which of these numbers we can accept will de- 
pend upon our making a value judgment how much is atomic energy 
worth in cases of leukemia and bone cancer on a probability basis, 
averaged over the entire population or a certain segment thereof. 

Senator Anperson. Thank you very much. I can say from personal 
acquaintance I know how long and hard you have worked in this field 
and Iam very grateful to you for your testimony. 

The next witness is Dr. Anderson. 

Dr. Anperson. Mr. Chairman, I have nothing to add to the formal 
statement Dr. Langham made. I was in attendance only to answer 
questions. 

Senator ANpERSON. Before we proceed with a discussion period with 
our several witnesses, there are several things that I would like to 
insert in the record at this point. First a statement by Wright H. 
Langham and Ernest C. Anderson. Next an article from Science 
Magazine, by Ernest C. Anderson, Robert L. Schuch, William R. 
Fisher, and Wright Langham, and finally a statement by L. D. Mari- 
nelli and J. E. Rose of the Argonne National Laboratory. 

(The material referred to follows :) 


Sr-90 anv Cs-137 IN RELATION TO THE PROBLEM OF WORLDWIDE RADIOACTIVE 
FALLoutT 


By Wright H. Langham and Ernest C. Anderson, Los Alamos Scientific 
Laboratory, University of California, Les Alamos, N. Mex. 


Although a number of isotopes are present in the fission mixture, the fallout of 
Sr-90 from weapons testing programs is the principal concern, Sr-90 is the most 
important isotope because of its similarity to calcium, long physical and biological 
half-time and high relative fission yield. These factors lead to high incorporation 
in the biosphere and a long residence time in bone. General contamination will 
result in the bones eventually reaching an equilibrium state with the Sr-90 
in the biosphere. 

Accepting Libby’s postulation of three types of fallout (local, tropospheric, and 
stratospheric), levels as of the fall of 1956 were about 25 me./mi.’ for the upper 
midwestern and northeastern sections of the United States, 16 me./mi.’ for the 
section between 50° N. and 10° §. latitude, and about 4 mc./mi.’ for the rest of 
the world. These general values are variable, depending upon local rainfall 
and other meteorological patterns. 

The observed levels of Sr-90 in bones of various ages are in good agreement 
with those calculated on the basis of a simple model of skeletal growth, re- 
modeling and exchange. Using the data of Kulp for adults and children normal- 
ized to this model, an average equilibrium value of 3 we. Sr-90/g. Ca is calculated 
for about 1975. Estimation of the equilibrium value from ecological discrimina- 
tion factors suggests approximately the same average level. The normal spread 
of values for stable strontium and Sr-90 in human bones and for Cs—137 in people 
suggests that there is a very low probability that many people will show levels 
more than three times the average. On the basis of an equilibrium concentra- 
tion of 3 uc. Sr-90/g. Ca resulting from detonations to Cate, about 18,000 mega- 
tons of fission could be injected at once into the biosphere before the average 
value would equal the maximum permissible level of 1,0UU we./g. Ca (the MPL for 
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{ndustrial workers), and 1,800 megatons could be injected before reaching an 
average of 100 ue./g. Ca (the MPL for large areas of the population). 

The above approach to the problem suggests (assuming no more weapons tests) 
that the average equilibrium level from weapons already tested may be about 3 
percent of the MPL for the general population with a spread of from 1 to 9 per- 
cent. In terms of lifetime bone dose, these values are from 1/400 to 1/2,800 of 
the minimum dose’ from Ra 226, which has produced nonpathological bone 
changes. The biological significance of present and future predicted levels and 
whether average values may be applied to the general population depends on 
whether such chronic responses as bone sarcoma, leukemia, etc., to Sr-90 deposi- 
tion are threshold or nonthreshold phenomena. 

Estimates as to the number of megatons of fission that may be injected into 
the biosphere before Sr-90 becomes a serious health hazard to the general popu- 
lation vary by a factor of about 200. It is this variation in opinion that is respon- 
sible for much of the public confusion. Two factors that contribute a major 
portion of this wide uncertainty are: 

1. The heterogeneity as to distribution of Sr-90 uptake in the skeleton as a 
function of diet and geographic location ; and 

2. Lack of information as to actual leukemogenic and tumorogenic response of 
man as a function of radiation dose. 

Increased research effort to narrow the uncertainties in these two factors would 
seem to be desirable. 

Measurements of present levels of Cs—137 in people indicate that it is of little 
significance in the potential hazard of radioactive fallout from weapons testing 
programs. Because of the chemical similarity of cesium and potassium, it is 
convenient to report cesium levels as Cs/K ratios. Potassium is an essential body 
constitutent and is itself naturally radioactive. The normal body potassium con- 
tribute 20 mr/year of the total natural yearly radiation dose of 100 mr. The 
present average Cs-137/K-40 total disintegration ratio is about 0.05. Taking 
into consideration their respective energies, the radiation dose from present levels 
of Cs—137 is only one-twentieth of that from natural K-40, or about 1 mr/year. 
This is about 1 percent of the average total natural radiation dose. The amount 
of Cs-137 now present in the population of the United States averages 0.006 uc., 
which is less than one-thousandth of the value given in the Recommendations of 
the International Commission for Radiological Protection as the maximum 
permissible level for the general population. 

The short biological half-time of Cs—137 and its unavailability from soils will 
ensure that the levels in people will not continue to rise in the manner of Sr-90. 
The cesium levels will follow the rate of fallout and not integrated total accumu- 
lation. 

Since Cs-137 does not show unsual concentration in the gonads, present levels 
in people will contribute only about 1 mr./year, or about 1 percent of the 
natural background level, to the genetic radiation dose. 

The study of the distribution of Cs-137 should be continued to furnish Infor- 
mation on fallout phenomena and to provide a measure of the rate of fallout 
and the amount of stratospheric storage, since this information might make 
considerable contribution to the solution of the Sr-90 problem. 


[Reprinted from Science magazine, June 28, 1957] 


RADIOACTIVITY OF PEOPLE AND Foops 
Ernest ©. Anderson, Robert L. Schuch, William R, Fisher, Wright Langham * 


The problems of widespread, low-level radioactive contamination from 
nuclear weapons testing have been increasingly before the public during the 
past year. The principal concern is the fallout and entry into the biosphere 
of strontium 90. There is general agreement that present levels of strontium 90 
in foodstuffs and in the human body are far below the most conservative per- 
missible amounts; however, the human burden of strontium 90 may be expected 
to rise as a result of deposition of stratospheric debris from weapons already 
(and subsequently to be) tested. Predictions based on conservative assump- 
tions indicate that there remains a considerable margin of safety. If the rate 
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of weapons testing continues to increase, however, this margin may eventually 
disappear. 

Although the permissible levels contain inherent safety factors, it is essen- 
tial that close attention be devoted to all aspects of the fallout problem dur- 
ing the next several years. Only in this way can advance notice of the possible 
approach to permissible levels be obtained and assurance given that they will 
not be exceeded inadvertently. Recent reports of the National Academy of 
Sciences-National Research Council Committee on the Biological Effects of 
Atomic Radiation (1) support the importance of systematic measurements 
of general levels of radioactivity in order that information on the rate of 
accumulation of extraneous radioactivities may be obtained while the latter 
are still below natural levels. 

Large-scale production of nuclear power will create problems of a similar 
nature. A 100-megawatt (heat) reactor will, in one year of operation, produce 
the Same quantity of long-lived fission products as the detonation of a 1-megaton 
fission bomb. The estimate of the United States nuclear power production rate 
by 1975 is 20,000 to 40,000 megawatts, and the United Kingdom expects to be 
producing 6,000 megawatts by 1965. Reactor-produced fission products con- 
stitute a much less immediate problem than those from a bomb test, since more 
control can be exercised over their immediate fate, but disposal of the fission 
products must eventually be made. 

If disposal is to be simple enough to make nuclear power economically com- 
petitive, dispersal by natural meang such as ocean burial or other means may 
have to be resorted to. This will increase the possibility that reactor-produced 
fission products may ultimately enter the food cycle and reach man. The basic 
problems of permissible body burdens and distribution mechanisms in the bio- 
sphere, therefore, are similar for bomb and reactor debris, and information 
gathered in the study of the former problems should prove valuable in the latter. 

An extensive survey of strontium 90 levels (Project Sunshine) has been 
underway for several years, and the results have been reported by Libby (2-4) 
and by Kulp (5). Because strontium 90 and is daughter yttrium 90 emit only 
beta rays, analysis requires time-consuming and destructive chemical sepa- 
rations. Detailed studies of the temporal and spatial distribution of long-range 
fallout would be easier if they could be based on a gamma-emitting nuclide. 
The discovery of the presence of the fission product cesium 187 in human beings 
and in foodstuffs by Miller and Marinelli (6) provides a possibility of such an 
approach. 

Similarity of the decay chains of the fission products of mass 90 and mass 137 


indicates that distribution of cesium 137 and strontium 90 in bomb debris will 
be similar: 








33 sec 2.7 min 
Kr-90 ———> Rb-90 > 
28 yr 64 hr 
Sr-90 —-— Y-90 —-—> Zr-90 (stable) 
19 see 3.4 min 27 yr 
1-137 ——— Xe-137 ————> Cs-137 —-—> 
.6 min 
Ba-137m — Ba-137 (stable) 


Both nuclides have two gaseous or volatile predecessors with appreciable 
half-lives. Strontium 90 and cesium 137 are formed at relatively late times 
after bomb detonation and are not proportionally included in the larger and more 
refractory particles which fall out locally. Stratospheric storage and distant 
deposition will be high for both nuclides, and their ratio in distant fallout should 
be approximately that calculated from the known fission yields. Once strontium 
90 enters the biosphere, its behavior becomes very complex. Its concentrations 
along the ecologie chain change slowly and reflect a summation of all past fall- 
cut. In addition, it enters,plants both through the soil (in some relationship 
with available calcium) and by foliate absorption from direct fallout. 

One very important and difficult problem is to determine the fraction of stron- 
tium 90 entering the ecologic chain by way of these routes. Cecium 137, how- 
ever, is apparently poorly taken up from the soil by plants (7) and its biological 
half-times (8) are comparatively short (140 days in man (9) and 20 days in 
the cow (10)). These factors suggest that cesium in people and in milk and 
other foodstuffs may be a direct and relatively simple measure of fallout rate. 
One should be able, therefore, to make a direct determination of fallout rate as a 
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function of geographic location and time, as well as of changes in stratospheric 
storage following test operations, by measuring cesium 137 in biological ma- 
terials. esium 137 measurements on soils might provide a more convenient 
method than strontium 90 measurements for estimating integrated fallout. 
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Figure 3.—Cesium 187/potassium 40 gamma ratio in people during 1956. 
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Figure 4.—Geographie distribution of cesium/potassium ratios in people. 
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Ficure 7.—Cesium 137/potassium 40 gamma ratio in milk during 1956. 
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Figure 9.—Calculated effect of increased cesium in diet on human level. 

Cesium 137 and strontium $0 also are similar in that they are soluble and 
closely related to potassium and calcium, respectively, which are normal bese 
exchange cations in soil and essential constituents of living matter. In this 
they differ from other high-yield fission products such as zirconium-niobium 95, 
ruthenium-rhodium 106, and cerium 144, which have been observed in rug dirt 
by Miller and Mari li at Argonne National Laboratory (11) but which are 
apparentiy not ecologically concentrated and have not been detected in the gen- 
eral population and in foodstuffs. 





POTASSIUM 40 AND CESIUM 137 IN PEOPLE AND FOODSTUFFS 


After the announcement by Miller and Marinelli of the presence of cesium 
137 in people (6), an intensive program of study of this nuclide in people and 
in foodstuffs was begun at the Los Alamos Scientific Laboratory. Some 1,500 
measurements were made; preliminary results have been reported previously 
(12). This article (13) summarizes the data collected during 1956. A compila- 
tion of all the primary data is being prepared as an unclassified labuvratory re- 
port which will include detailed analyses of procedures, sources of error, and 
other information. 

Measurements were made with the Los Alamos “human counter” (14), a 
large liquid scintillation detector that is capable of counting gamma rays from 
human subjects and from samples of foodstuffs up to several hundred pounds 
in weight with 100 percent geometrical efficiency. Although the energy resolu- 
tion of this detector is quite limited compared with that of a sodium iodide 
(thallium) crystal, it is adequate to permit the simultaneous determination of 
the cesium 137 (0.661 Mey.) and potassium 40 (1.46 Mev.) gamma rays. Its 
ultimate sensitivity is 0.0005 microcurie of gramma activity (20 disintegrations 
per second) for only 100 seconds of counting time. If a 100-kilogram sample 
is counted, this corresponds to a specific activity of 5 times 10™ curies per gram, 
Which is far below the natural radioactivity of most materials. The natural 
potassium 40 radioactivity of man (about 0.013 microcurie as gamma rays) can 
be measured to a precision of better than 5 percent in less than 2 minutes. The 
cesium 137 determination has a precision of 0.001 microcurie for the same count- 
ing time. 

Potassium 40 in people.—The average potassium content of the adult male 


is estimated to be about 133 grams (6, 15, 16) (0.19 percent of gross body 
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weight of the standard man), which is equivalent to about 400 potassium 40 
gamma disintegrations per second. 

Figure 1 gives the natural potassium 40 gamma activity of 164 representa- 
tive subjects, 81 of which were reported earlier (17), plotted against gross body 
weight. These data show a pronounced scatter of the points to the right of a 
limiting line and a definite difference between males and females. Correla- 
tion of potassium 40 activity with the fat-free body weight of a select group 
of these subjects indicated the amount of fat to be the principal factor caus- 
ing variation in apparent potassium content of the body (17). The total body 
potassium expressed as percentage of gross body weight will show considerable 
variation, therefore, depending on sex, age, weight, body type and physical 
activity, but it can be accurately calculated from a determination of total body 
water. 

In figure 2 the specific activity of potassium 40 (gamma disintegrations per 
second and pound) is plotted against subject age. These data confirm the gen- 
eral decrease of potassium with age reported by Sievert (16). The solid lines 
indicate the probable upper limits for uncontaminated male and female sub- 
jects, respectively. Not enough children have been measured for us to be cer- 
tain of the trend below age 15. The dashed lines, therefore, are estimates over 
this region. Deviation from these curves is an indication of possible surface 
contamination of individuals during periods of local fallout, since only 0.002 
microcurie of hard gamma contamination is sufficient to raise the average adult 
from the lower to the upper limit of the specific activity distribution. 

Cesium 137 in people—Libby (2) adopted the procedure of reporting stron- 
tium 90 results as strontium 90/calcium ratios because of the metabolic simi- 
larity of strontium and calcium and to facilitate the comparison of different 
types of materials. Our cesium 137 results are reported as cesium 137/potas- 
sium 40 ratios for similar reasons. The principal differences in the biological 
behavior of the two elements can be accounted for in terms of the appropriate 
biological half-times. The ratios are reported as the ratio of cesium 137/potas- 
sium 40 gamma disintegrations (18). 

Figure 3 summarizes the measurements of cesium 137/potassium 40 ratios in 
people for 1956. The triangles represent results in people from various parts 
of the United States (the distribution is indicated on the map, fig. 4). Each 
point is an average for 10 to 20 persons, and the range of values before averag- 
ing was 0.1 to 0.9. The circles are averages of measurements on a local con- 
trol group of 10 laboratory personnel. The scattered high values during the 
period from June to September are probably the result of surface contamina- 
tion from tropospheric fallout during Operation Redwing. That they were 
caused by surface contamination was indicated by their sudden rise and fall, 
by abnormally high apparent potassium 40 values during the same period, and 
by the fact that these high apparent potassium 40 values were reduced to nor- 
mal after bathing in those cases in which remeasurement was possible. 

Because of this evidence of external contamination, a line through the more 
reproducible lower limit of the distribution is regarded as representing the 
trend of internal activity. The data from the two groups agree in that they in- 
dicate a slight rise during the spring followed by a slow decline during the 
fall. The control group was apparently somewhat lower in the spring, but in 
the fall the two groups were indistinguishable. 

General 1956 averages of cesium 137/potassium 40 ratios for people from vari- 
ous States are presented in figure 4. The results are surprisingly uniform in 
view of the sizable variations among individuals from the same State. Uncer- 
tainty in the averages due to small sample size precludes any deduction of fine 
structure until more data are available. Within the range 0.5+0.2, the cesium 
137/potassium 40 ratio is essentially uniform over the United States, except dur- 
ing periods of tropospheric fallout. 

The frequency distribution of potassium 40 and cesium 137 in the population 
sample is essentially normal. The potassium 40 frequency curve is given in fig- 
ure 5 as a histogram with a normal error curve fitted to it. The standard devia- 
tion of the normal curve is 18 percent. The subsidiary peak outside the normal 
curve is caused by surface contamination during periods of tropospheric fallout. 

Figure 6 shows the corresponding frequency curve of the cesium 137 data for 
the same population sample. Distribution is again normal, but the width is 
twice as great as that of potassium 40, the standard deviation being 36 percent. 
The smaller deviation of the potassium 40 data probably reflects control of the 
potassium 40 level of the body by a homeostatic mechanism that is not highly de- 
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pendent on intake. The cesium 137 burden, however, may vary with the dietary 
habits of the subject and the concentration of cesium 1387 in his foodstuffs. 

Libby (19) has shown that other trace elements, such as stable strontium, 
strontium 90 and radium 226, show normal frequency distribution curves with 
deviations comparable to that observed for cesium 137. 

The abnormal subsidiary peak shown in the potassium 40 distribution curve is 
not present in the cesium data. This indicates merely that the surface contami- 
nation distorting the potassium 40 level was present in the cesium 137 channel 
to a proportional extent and left the cesium/potassium ratio unaffected. 

Cesium 137 in milk and other foodstuffs—Vigure 7 summarizes the measure- 
ments of cesium 137/potassium 40 ratios in milk during 1956. A peak in cesium 
137 activity during July, presumably woing to tropospheric fallout from Opera- 
tion Redwing, is clearly visible in Wisconsin and New Mexico samples, but is 
absent from Kentucky milk. This observation is consistent with the path of the 
cloud as estimated in the United States Public Health Service air sampling net- 
werk. A peak in the activity in Wisconsin milk in October is indicated also; it 
may be the result of a foreign test. 

Data on geographic distribution of the cesium 187/potassium 40 ratio in milk 
are as yet scanty, but are summarized in figure 8. As with the measurements of 
people, one concludes that distribution is essentially uniform within the limits 
of the data. The uniformity, of course, applies only to the periods in which 
tropospheric clouds are not present. It is interesting that the two Australian 
milk samples (fig. 7) are in agreement with the general United States average, 
lending support to the assumption that the general levels are derived from the 
stratospheric reservoir. A sample of American dry milk produced in 1942 showed 
no detectable cesium 157, the cesium 137/potassium 40 ratio being less than 0.02. 

Some preliminary measurements of cesium 137 in foodstuffs other than milk 
are given in table 1. During the spring of 1956, beef and lamb showed a ratio 
comparable to that of people but considerably higher than similar samples col- 
lected in the winter of 1956-57. During both periods, beef and lamb consistently 
ran higher than pork, which might be expected from the differences in grazing 
and feeding habits. One sample of dried blood collected in April 1952 showed a 
ratio less than one-third that of samples collected during the winter of 1956-57. 


DISCUSSION 


Measurements of present levels of cesium 157 in people indicate that it is of 
little significance in the potential hazard of radioactive fallout from weapons 
testing programs. The present average cesium 137/potassium 40 total distin- 
tegration ratio is about 0.05. Taking into consideration their respective ener- 
gies, the radiation dose from present levels of cesium 137 is only one-twentieth 
of that from natural potassium 40, or about 1 milliroentgen per year. This is 
about 1 percent of the average total natural radiation dose and less than 10° 
of the dose of cesium 137 given in the recommendations of the International Com- 
mission for Radiological Protection as the maximum permissible level for the 
general population (20). Interest in cesium 137, therefore, centers on its poten- 
tial usefulness in the study of fallout mechanisms. 

A rough quantitative comparison of the present average strontium 90 and 
cesium 137 levels in people is of interest. According to Libby (3), the strontium 
90 level in children is about 0.001 microcurie. A fractionation factor of about 
10 against strontium between primary fallout and human bone is indicated by the 
stable strontium data (21) (that is to say, the strontium/calcium ratio in soil 
is 10 times the strontium ‘calcium ratio in bone), but cesium can be assumed to 
be quantitatively absorbed by both cow and man. Although strontium will con- 
tinue to accumulate because of its long biological half-time, the effective accumu- 
lation time for cesium will be limited to some 200 days. If stratospheric fallout 
is assumed to have begun with Operation Castle (1954), strontium 90 has been 
accumulating for some 2 years, and this factor will cause it to exceed cesinm 
137 by 2 365/200, ez 3.6. Finally, the relative activity yield in the fission proc- 
ess is 1.27 in favor of cesium (assuming fission yields of 0.0510 and 0.0620 for 
the mass 90 and mass 137 chains and half lives of 27.7 years for strontium 90 
and 26.6 years for cesium 137). The overall factor is then 10X1.27/3.6, or 
about 3 for cesium 137, and the estimated level based on a strontium level of 
0.001 microcurie is 0.003 microcurie. Considering the erudity of the several 
approximations, this is in surprisingly good agreement with the observed average 
of 0.005 microcurie, 
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TABLE 1.—Radioactivity in foodstuffs 
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K-40 K-40 
specific | Os-137/ specifie | Cs-137/ | 
Bample activity K-40 Sample activity K-40 
(disinte- ratio (disinte-| ratio ) 
gration/ gration/ 
sec. Ib.) sec. Ib.) ) 
Meat, spring 1956: | Flour, spring 1956: | 
Beef rounds-............. 3. 84 | 0. 53 High-altitude wheat / 
Lamb, dressed carcass.... 3.83 8 (Colorado). ........-<<< 1.30 | 0.09 / 
Pork, fresh hams-......... 3. 52 | 30 Bleached, enriched (A)_.. 1.70 .32 
Paee, WN. S55. cn cin 3. 23 | 19 Bleached, enriched (B)_.- 1.49 27 
Meat, winter 1956-57: | Whole wheat, graham... 7.00 | ell 
a ere 2.75 15 || Potatoes, spring 1956: 
Lamb, dressed carcass.... 3. 67 | 16 i SE A ieee 7. 82 <.06 
FORE; WOO. 65 cu naedsmceda: 3.55 | 10 Pie Sols ot tinaiwcalinee 6. 52 <. 06 
POC, WR cs ccacciendiacd 3. 26 | .07 || Vegetables, spring 1956: 
Dried blood: 2. 34 <.07 
Illinois, Apr. 1952_.......- | 9. 20 <. 07 : 3. 20 12 
California, winter 1956-57-| 7. 30 25 | ONNONe2tn bb nidnaihd 6. 82 <.03 
Minnesota, winter 1956- | | || Fruits, spring 1956: | 
BE <ttt nictice chacicnalesen 5. 40 | 25 || TEND a cic co nesesinnkael 3. 81 03 
Texas, winter 1956-57..---| 5.90 | aS «6 "Onin oe: | 2.10 338 
| CG icc das 3. 30 «25 | 
Watermelon__...........- $, 75 <.03 
| Coffee, spring 1956_..........-. 30. 00 <. 06 





Tante 2.—Calculated cesium 137 intake based on per capita food consumption. 
Diet was based on Consumption of Food in the United States, supplement for 
1954 (22 





Cs-137 
intake 
(myc./mo.) 


Consump- | Cs-137 con- 
Source tion centration 
(ib./mo.) (myc./100 Lb.) 











Dairy products (as dry-milk solids) ..................2..2.22-- 5.8 14 0. 81 
Meats... fa eta ane te ach cla an iad a ote eles 11.4 3.3 2338 
Figs GGG Cereal OPOGUE. «oc dccencnnsaaccsedunldeseedboense 13.0 1.0 213 
WRIA oo te A as a pee oe ee eed eee 16.8 () ? 
CORE Ns Sen Se Sata cata dthbdadicbsaibatace a adiebeeubhiraion 3.2 2.4 2 
PRON 65a as cant ik cicalataltilabbeiabalinhdd lads d« bx ndes usta 8.8 (1) ? 

ORG os ickics ccswntnaimeuicnaiinmamtinkghewantaiemmienmmaat | ws ccialaeectiaaietbiahel ee eae 1.5 





1 Not detected. 


Measurements of cesium 137/potassium 40 ratios in milk during 1956 (fig. 
7) indicated peak activities resulting from periods of tropospheric fallout. The 
relative effect of such increases in foodstuffs on the cesium 137 level in people 
can be estimated from the simple model shown in fig. 9. A step function change 
in the foodstuff level will be followed by a (1-e-*') change in the population 
level (where \ is the biological elimination rate), and a new equilibrium value 
will be reached only afier an elapsed time of the order of 1 year. If the food- 
stuffs return to their previous value before equilibrium is attained, the popula- 
tion level will cease rising and will decay back to its previous value with a half- 
time corresponding to the biological elimination rate. 

This model can be applied to the situation during July and August, when the 
level of cesium 137 in milk rose by about a factor of 5. Since not enough data are 
available to define completely the shape of the peak, and since milk values are 
used as representative of all foodstuffs, the actual peak can be replaced with a 
step function of the same approximate area, This gives a rise of about 2 times 
“normal” for a period of 50 days. In this case, the maximum rise in the popu- 
lation level, predicted on the basis of the model in figure 9, is 20 percent. Using 
the average value of the cesium 137/potassium 40 ratio for the control subjects in 
the spring of 1956 (fig. 3) of 0.4, their calculated ratio 6 months later is 0.5. 
The observed summer maximum average was 0.48, in agreement with the modei. 

An estimate of the biological halftime of cesium 137 in the chronically exposed 
case was obtained by counting a large urine sample representing 52 man-days 
of excretion. The sample showed 408 disintegrations per second of potassium 40 

93209°—57—pt. 1——49 
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(136 grams of potassium) and 40 disintegrations per second of cesium 137. As- 
suming an average body burden of 0.005 microcurie of cesium 137 for the 6 sub- 
jects who contributed urine samples, the excretion rate is 0.004 per day, which 
corresponds to a halftime of some 180 days if the excretion is exponential and 
entirely urinary. If fecal excretion is 25 percent of urinary, the halftime would 
be 145 days. This is in agreement with the biological halftime of 140 days ob- 
served on volunteers who ingested 1 microcurie of radiocesium (9). 

Using Bureau of Agriculture statistics for food consumption per capita in the 
United States (22) and our preliminary values for the average cesium 137 con- 
tent of foodstuffs, the dietary intake of cesium 137 can be estimated (table 2). 
On the basis of these data, it appears that milk contributes about 50 percent 
and meat about 25 percent of the cesium 137 found in the body. The excretion 
rate of cesium 137 can also be estimated from these intake data. This method 
is only an approximation because of uncertainties in diet and in the average 
cesium 137 level in the various dietary components. According to the data in 
table 2, the turnover rate is of the order of 1.5 millimicrocuries per month, com- 
pared with the observed value of 0.6 millimicrocurie. Part of the discrepancy may 
result from using retail weights in computing the diet with no allowance for 
wastage and loss of minerals in cooking, but the principal source of error is 
probably the inadequacy of our knowledge about cesium in foodstuffs. For com- 
parison, a similar computation was made for potassium (table 3). The calculated 
potassium intake is about 3 grams per day, while the observed urinary excretion 
was 2.6 grams per day. Elkinton and Danowski (23) reported potassium turn- 
over as falling in the range of 2 to 6 grams per day. 


TaBLeE 3.—Calculated potassium intake based on per capita food consumption 








Potassium 
Consump- 
Source tion 
(b./mo.) Content Intake 
(g./lb.) (g./mo.) 
NI a iiccnccnnd pniantenechecenchinacbasapekneaenins 5.8 6.0 35 
Eg acta tro deucaeminieciebendkébassbussemubibeaasbeed 11.4 1.2 14 
NE TD IN aioe ccc ki icacnvbtdénesasnctus sbiemhianilea 13.0 5 6 
MRI ac sins an guidances eipssinen sant aaa Ronan Dae 16.8 1.0 17 
CAS Bt onecnc catcwdcococsacdonnoanbcncstbsusnsebeaceobede 3.2 1.0 3 
PES oe cceccndictccancdasonddsnsspnsconadhbaiebeacnnabans 8.8 2.0 18 
NUE sissies snk nit an cth ciaienclaras a tindamaapnain ibaa adam eaieionalaininiia ieee ain iaenitiie 93 





While the spring 1956 average value for the cesium 137/potassium 40 ratio in 
milk was 0.25, the average in people for the corresponding period was 0.4. This 
difference may be explained on the basis of the longer holdup time of cesium in 
the body as compared with potassium. If qcesium is the amount of cesium in the 
average daily diet, and Gpotassium is the corresponding amount of potassium, then 
Qcesium/Qpotassium 18 the cesium/potassium ratio for the average diet. The milk 
ratio can be used since it is the most important single factor and is the only one 
known with any accuracy. The equilibrium amounts of cesium and potassium 
in the body, on the basis of the simplest model, will be given by the product of 
qr for each element, where r is the mean life of the element in the body (24). 
For cesium, r has been determined to be 200 days; r for potassium can be esti- 
mated from our data on the potassium content of normal urine as about 58 days. 
Thereforce, cesium should be concentrated relative to potassium by a factor of 
200/58, or 3.4. If the average diet ratio is 0.23, the predicted ratio in people is 
about 0.8. This is too high by a factor of 2. 

Libby (4) has estimated stratospheric injection by Operation Redwing at 
about 6 megatons of fission products in addition to the 18 megatons left from the 
previous operations. This would imply a 30-percent increase in the fallout rate 
from the stratospheric (worldwide) component after the tropospheric component 
is gone. A comparison of the spring and autumn milk averages indicates no de- 
teetable increase in the fallout rate. The spring sampling was inadequate; hence 
there is considerable uncertainty about the proper average. However, it would 
appear that, if anything, the cesium levels in the fall were lower. This may be 
a seasonal variation resulting from the change from pasture to hay feeding of 
the dairy herds, which would conceal possible small increases. 
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SUMMARY 


Measurements of the cesium 137 content of people and of foodstuffs indicate 
that this nuclide is unlikely to be a decisive factor in the long-term hazards from 
weapons testing and reactor waste disposal. The amount of cesium 137 now 
present in the population of the United States averages 0.006 microcurie and 
shows no marked dependence on geographic location. The average radiation dose 
received from cesium 137 is one-twentieth of that received from natural radio- 
potassium and 1 percent of the average total dose from all natural sources. 
Because of the short biological half-life ef cesium of about 140, days, it does not 
accumulate in the body as does strontium 90. The study of the distribution of 
eesium 137 is being continued to furnish information on the mechanisms of the 
fallout process and provide a measure of the rate of fallout and of stratospheric 
storage. 
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24. r=1/\=114/0.698, where r is the mean or average time the nuclide remains 
in the body, A is the elimination rate, and t% is the time necessary to re- 
move half the body burden. 





STATEMENT SUBMITTED TO THE JOINT COMMITTEE ON ATOMIO ENERGY BY L. D. 
MARINELLI* anv J. B. Rose,” RaproLoeicaL Puysics DIvIsIon, ARGONNE Na- 
TIONAL LABORATORY, LEMONT, ILL. 


TOPIC Ix. OCCURRENCE OF 08-187 IN THE ATMOSPHERE, BIOSPHERE, AND ITS UPTAKE 
AND BEHAVIOR IN MAN 


The fission product Cs-187 is produced with a yield of about 6 percent and it 
has a half life of about 27 years. The general characteristics of its distribution 
and behavior in mammals, as reported by several authors (1-4), indicates only a 
partial qualitative similarity to potassium. Important from our standpoint is 
the fact that cesium is excreted by humans at a rate lower than potassium. This 
leads to a Cs/K ratio in vivo which is from 2 to 3 times the ratio in the ingested 
food. 

Because of its gamma-ray emission, Cs—-137 can be measured in the living 
animal and in bulk material without recourse to lengthy chemical analysis. 

To make these measurements, it is necessary to shield both instrument and sub- 
ject from the radiation emitted by ordinary building materials. This is done 
by performing the tests in an 8 by 8 by 6 foot room with 8-inch steel walls, weigh- 
ing 60 tons, This room consists of a bolted frame of angle beams upon which 
one-quarter inch plates of 12 to 26 inches width are placed in staggered sequence 
on all sides in order to avoid continuous cracks in the walls. The side plates are 
held in place by clamping them together between the frame and appropriately 
placed angle irons. 

Gamma-ray radiation emitted by the subject impinges on an 8 inch by 4 inch 
Nal erystal; the electrons liberated therein produce scintillations which are am- 
plified by a photomultiplier tube and registered, according to their sizes, by a 
256-channel analyzer. From the scintillation spectrum it is possible to identify 
the energy of the gamma radiation (hence the radioelement responsible for it) 
an dits intensity (hence the amount of material involved). Presently this appa- 
ratus has a sensitivity greater than 10-° curies of the gamma emitters under 
discussion in the intact human subject. 

In the summer of 1955, at the Argonne National Laboratory, measurements of 
the total body gamma-ray activity of members of our staff, visitors from various 
parts of the country and from overseas, local medical students, ete. (5), disclosed 
the presence of this radioelement in all of the test subjects. Since then, continual 
tests on a group of 12 people, has shown an increase in the human burden by a 
factor of about 2 up to the spring of 1956, and a constant value thereafter, cor- 
responding to about 3.2<10-"C of Cs—137 per gram of potassium (fig. 1). Con- 
trasted to the findings for Sr-90, children Co not exhibit high concentration per 
unit weight. 

No correlation between Cs-137 content and geographic origin of the subject 
was noted (table I). On the other hand, the dependence on the dietary habits 
of the individual (fig. 2) became evident after a study of the Cs-137 content of 
food and water. These revealed that bovine meats, milk and milk products con- 
stitute the main routes of intake (fig. 3). Subsequent confirmation of these 
findings on larger representative samples of people and foodstuffs have been 
obtained at the Los Alamos Scientific Laboratory (6). The observations to date 
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nician, New York Memorial Hospital, 1929-35; assistant physicist, 1935-43; physicist, 
1943-48; Sloan-Kettering Institute, 1947-48; Senior Biophysicist and Associate Direc- 
tor, Division of Radiological Physics, Argonne National Laboratory, 1948—; Division of 
Biological Medical Research, 1950—. (Submitted by the Atomic Energy Commission.) 

2Date and place of birth: pnqnet 21, 1904, Wilkinsburg, Pa. Education: Carnegie 
Institute of Technology. Work history: Standard Chemical Co. (radium) ; Tumor Insti- 


tute of the Swedish Hospital, Seatle, Wash. (early pioneering work in supervoltage X-ray 
equipment) ; National Cancer Institute, Bethesda, Md.; Metallurgical Laboratory, Uni- 
versity of Chicago; since 1944 Director of the Radiological Physics Division of Argonne 
National Laboratory. Member of American Physical Society, Fellow of the American 
Association for the Advancement of Science, Fellow of the American College of Radiology, 
honorary Se. D. (Submitted by witness.) 
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are consistent with the concepts of (a) stratospheric storage, (b) constant de- 
position on grazing lands, (c) uptake by cattle, and (d) transmittal to man. 

Other relatively abundant and long-lived fission products, i. e., Ce-144—Pr-144 
(290 day), Zr-45—Nb-95 (63.3 day), and Ru-106—Rh-106 (1 year), easily 
detectable by our technique in laboratory air, dust, sweepings from house carpets 
(fig. 4) and soil (7) are not present in the intact mammal in measurable quan- 
tities. These findings are consistent with previous observations on their low 
intestinal absorption following oral intake by laboratory animals (3). 

In its present concentration, Cs-137 contributes on the average less than 0.3 
mrad to the yearly dose of over 150 mrads which a human being is reported to 
absorb from natural sources of radiation (fig. 1). 

Because of its relatively short life in the cow and of its reputed unavailability 
to the roots of some plants, the concentration of this radioelement in milk is 
likely to serve as an excellent indicator of average rate of fallout over mi!k sheds. 
Since we can measure directly its presence in the living human we need not rely 
ou theoretical predictions as to the possible individual variations under various 
conditions. Thus, only a factor of 6 separates the lowest values found in oriental 
subjects (whose diets are practically devoid of cattle products) to the highest 
found in the United States of America in an individual on a milk diet. 

Pertinent to this discussion and to item X of the agenda are our recent find- 
ings on some inhabitants of the Marshall Islands which were measured in our 
facility by Dr. C. E. Miller. The scintillation spectra are shown in figure 5, 
and the body contents are included in table I. It should be noted that subject 
No. 10 is a control living in Majuro Island which did not experience unusual 
fallout. The next four subjects were inhabitants of Rongelap removed more or 
less permanently from that island to Majuro Island because of heavy fallout. 
Their content of Cs-137 is about 2 or 3 times that of the average United States 
citizen. The reason for this cannot be stated at this time but consumption of 
coconuts (reputed to acquire Cs) may be implied. The presence of Zn-65 in 
their body is due to contamination of seafood. 

The highest contents of both Cs-137 and Zn-65 were found in subjects Nos. 
5 and 18 who were removed temporarily from the island of Uterek because of 
heavy fallout and returned there after appropriate decay of the external radia- 
tion. It is obvious that they represent burdens likely to be acquired by living 
in zones of relatively high levels of contamination. Yet, despite these circum- 
stances the increased dose rate of radiation to which they are exposed is only a 
fraction of the normal background of 100 to 160 mrads per year. 
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TaslLe I —Gamma ray activity of human beings 
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FIGURE 4 
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Figure 5 
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Senator Anperson. Dr. Kulp, Dr. Eisenbud, and Dr. Neuman, do 
you and Colonel Hartgering want to get into some questions here, 
back and forth, that would be helpful to all of us? Dr. Langham, 
we would like to have you in it also. 

Mr. Neuman, do you want to kick off on any comments you may 
have on the afternoon presentation ? 


DISCUSSION BY DR. J. L. KULP, MERRIL EISENBUD, DR. WIL- 
LIAM F. NEUMAN, DR. WRIGHT LANGHAM, AND COL. JAMES 
B.: HARTGERING 


Dr. Neuman. I would rather sandbag, if I may. 

Mr. Ramey. It might be desirable if Dr. Neuman could sort of 
state his case. Some of the members were not here and Dr. Kulp 
was not here at the time either. 

Dr. Neuman. As a brief summary, I think it best to say that, in 
my opinion, the very best evaluation of future levels of bone are those 
czlculated from our equilibrium data on natural strontium because 
this involves only one assumption; strontium behaves like strontium. 

It is also my opinion that the natural strontium data in England 
and the bulk of the experimental data available in this country indi- 
cate that the overall discrimination from ground to bone is about a 
factor of 8. With this number, one has a fixed relationship between 
ground level and bone level. If we choose a certain maximum level 
to be permitted in human bone, we automatically fix a maximum level 
that can be permitted on the ground, With this number one can 
calculate the maximum rate at which testing can produce fission 
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products. The testing rate can be 214 percent of the permissible 
ground levels. 

Using a rather arbitrary set of numbers, the maximum permissible 
level of 50 sunshine units, which is one of the several levels that have 
been suggested, the test rate comes out to be a rather small number 
of the order of 2 megatons of fission equivalent per year. 

I think that is a fair summary. 

Senator Anperson. I think what perplexes a great many of us is 
that Dr. Langham wrote down a great number of figures and they all 
were pretty much in agreement—2.5, 3.1 at Los Alamos, 4.1 from Dr. 
Kisenbud, 3.5 from the milksheds—those figures are very close, very 
accurate, and apparently we have come to some sort of agreement. 

Do you agree that it is going to take a hundred years of testing to 
get to the point where there is some danger to it if we continue at 
just the present level ? 

Dr. Neuman. I don’t see how anyone could make a prediction con- 
cerning how long it would take because one has to assume a test rate. 

Senator Anperson. I tried to say at the present level of putting fis- 
sion products into the atmosphere. I am trying to get some fixed term 
if I can use it. If that is not a correct one I am sure Dr. Langham can 
give me a better one. 

Dr. Neuman. I am not clear what present level of testing has been 
assumed. I take it to be based on measurements up to the fall of 
1956. 

Dr. Lanenam. It has averaged roughly 10 megatons for 5 years. 

This does not include anything that the Russians and British have 
done in the last few weeks. 

Senator Anperson. I think that is useful. Can we all use that 
same figure and say we will assume, regardless of whether it is accurate 
or not-—let us assume it is accurate, and I think it is probably very 
close—that we have been putting 10 megatons of fission products into 
the atmosphere each year for the last 5 years. Suppose we continue at 
that clip for the next 20 years, Dr. Neuman would you think that 
we had reached the maximum permissible level after 25 years or some- 
thing of that nature ? 

Dr. Neuman. I should think it would be of the order of 25 years. 
Actually it would be a million years before you achieve true equi- 
librium. But for practical purposes, 25 years would be a reason- 
able number. It depends upon the MPC. 

Mr. Ersensup. 50 would probably be best. 

Dr. Neuman. I agree, if the MPC is taken as 100 sunshine units. 

Senator Anperson. Dr. Kulp, what do you think. 

Dr. Kutr. I don’t think I am competent to say when there is a 
hazard. This is what you must get into next week. As far as the 
levels are concerned, it looks like there is only about a factor of 2 or 
3 difference in the way Dr. Neuman and I calculated this thing. He 
used 50 instead of 100 as the safe level, and he used a factor of 10 from 
the soil to bone. 

Dr. Neuman. Eight. 

Dr. Kurr. Yes; eight. I did not base it on the soil because I do not 
believe that the strontium 90 is ever going to be homogeneously dis- 
tributed all the way through the soil, which is the condition you must 
have to get his 8 and 10 figure. This is based essentially on dividing 
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the milk value by 2. I end up with a practical soil to bone value of 
closer to 20, You can take your choice on these two things. That is 
the way they are derived. It depends on whether or not the strontium 
90 becomes homogenized throughout the whole earth column, 

Senator Anperson. Dr. Eisenbud. 

Mr. Ersensup. Mr, Chairman, I would like to supplement the re- 
marks I made earlier today. I predicted a maximum of 5 micromicro- 
curies per gram from the tests to date. If we assume that the testing 
rate is going to continue as it has in the last 5 years, then the maximum 
instead of being 5 would be about 40, sometime after the turn of this 
century. If I superimpose a factor of 3 that Dr. Neuman used in order 
to allow for individual biological variation—and I am not sure this is 
necessary—then I arrive at a figure of 120 micromicrocuries per gram. 
This suggests that if we are going to continue testing until the year 
2020 and if we are going to limit the maximum to Dr. Neuman’s figure 
of 50 micromicrocuries per gram, then we are going to have to reduce 
the testing rate to one-third of the rate for the past 6 years. 

Senator Anperson. You now say, if I can try to tell you what is in 
the minds of some people, that if we can continue the test to the year 
2020 and if these other factors continue, and I am not trying to bind 
anybody to them, then we will have to cut down the testing by a factor 
of 3. That brings it down to 3 megatons of fission products to be dis- 
charged each year. We say if we are going to continue as we are now 
going, when will we reach an extremely dangerous position? Will 
that be 40 or 30 years? 

Mr. Ersenpup. I was going to get to that, Mr. Chairman, and sum- 
marize by saying that at the rate information is accumulating we will 
have the answer long before the hazard develops. We are talking in 
terms of hazards developing at the present rate in terms of tens of 
years. We are accumulating significant information from month to 
month. Whether or not this factor of 3 should be included I think 
is something that will be known in the next year or so. We will not 
know everything we would like to know in the next few years, but we 
will learn enough to eliminate many uncertainties in calculations of the 
type Dr. Neuman has described. 

Senator ANperson. Doctor Kulp. 

Dr. Kur. I should like to emphasize that I agree completely with 
Dr. Langham’s analysis that the big uncertainty is in the biological 
hazard where you are going to set the level. This factor of uncer- 
tainty of 3 in the distribution should be very firmly fixed within an- 
other year at the rate at which data is coming in. ‘This is just a mat- 
ter of getting an adequate number of samples at the right locations 
and measurements betwen the bone analysis and the anlaysis of the 
total fallout that Dr. Eisenbud’s group is doing. That will not be im- 
portant with regard to uncertainty a year hence. 

Senator Anperson. Dr. Langham or Colonel Hartgering, do you 
have a comment there? 

Colonel Hartcrrtne. I guess I am the only physician in the group. 
I don’t like to leave the impression that we will know what the somatic 
relation will be in man. You do not get that in a couple of years. 
The bone samples and soil samples are coming in rapidly. The type 
of work I discussed we are doing at Reed. This is obviously contin- 
uing, but the somatic effects on man and what this means in terms 
of injury to him is not going to be available in the next year or two. 
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Senator Anprrson. Suppose we should get to another assumption 
now. Suppose we should say that since other countries are developing 
Weapons that we now raise this rate from 10 megatons of fission prod- 
ucts a year to 20 megatons. Would that accelerate pretty venus in 
the time when we might reach these dangerously high levels or what 
we might assume to be ¢ 

Dr. Langham, would you care to comment? 

Dr. Laneuam. I think this borders on something that is more in 
your field than in ours. What it really amounts to is this: About 10 
megatons per year total testing by everybody seems to be just about 
as much as one would assume we should allow. 

Senator Anvrerson. That is a very important and very fine state- 
ment. That is one of the things we were trying to get in this hearing, 
and I am so happy to have it from you, because I know you have spent 
a great deal of time on it. I am going to try to find out how many 
people agree with you in a short time. Regardless of agreement, the 
fact that we bring a figure out on the table and talk about it I think is 
extremely important because it does indicate your belief, and I think 
the belief of a great many others that if 10 megatons of fission prod- 
ucts is about what we should put in the atmosphere each year, then 
maybe there is some need to find out what the other people in the world 
are doing and see if we can hold at that figure. 

As you know, I strongly support the idea of constantly improving 
and testing the devices that we have. I have been very happy at the 
work at both Los Alamos and Livermore in making these tests possible 
with as little disturbance to our strontium 90 pictures as possible. 
Therefore, I am very happy to have this figure from you. You were 
going to say some more but I did want to break in to say that this is 
one of the things many people have been hoping to hear from some- 
body in authority. 

Dr. Lancuam. The implications of this are, of course, that we are no 
longer the only people testing weapons, which leads automatically to 
the idea that what one really needs is some type of international agree- 
ment with regard to an allocation of fission products that can be in- 
jected. Such an arrangement would not place a limit on the total meg- 
atons tested but the amount of fission that could be injected into the 
atmosphere. 

This would lead to an encouragement of people to build cleaner 
weapons or to explode them under conditions which would allow less 
material to go into the biosphere. The only way one could monitor 
this would be to get an agreement whereby they would put a tracer on 
each bomb which would allow anyone in the world to sample their 
cloud and tell what fraction of the cloud they tested. ‘Then we could 
monitor how much each country was putting into the biosphere. 

The only thing is that in so doing we would gain a lot of informa- 
tion about their bombs which would, of course, mean that it would be 
hard to get an agreement on such a point. 

Senator Anperson. Thank you very much. Dr. Eisenbud, we would 
be glad to have you comment on this upper limit that we have tenta- 
tively placed on what we can do. It is a very interesting figure. 

Mr. Etsensup. I think, to use a colloquialism, “We are in the right 
ball park.” 

I am also impressed with the fact that the proposed limit is approx- 
imately of the same order of magnitude as they assumed the past test- 
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ing rate. I note that we are talking about reaching the so-called maxi- 
mum permissible limit, not in terms of months or years but in decades. 
This suggests that one can feel comfortable that the emergency is not 
here. We are talking about a hazard that may develop many years 
from now. We will have ample time to study the problem. 

Senator Anperson. Dr. Neuman, I would be very happy if you 
would comment on Dr. Langham’s number a moment ago. I hope this 
is not embarrassing to you. 

Dr. Neuman. I should say, at the outset, that I am amazed. I felt 
very lonely up there when I was giving my testimony. Now I find 
we really are not so different in our predictions after we used our 
pencils. 

Senator Anperson. I think that is true generally of scientists when 
they get together in discussions. That is one of the reasons of having 
many scientific discussions. That is one of the reasons why the chair- 
man of this committee and the chairman of the subcommittee were 
anxious to get scientists in here to testify in a fine scientific fashion. 

Dr. Neuman. It was not very long ago for lack of data that we 
were swinging rather wildly. The data that have come in recently 
have sharpened the arena of debate to the point where, as I indicated 
at the outset, I did not feel we were in trouble, that the present levels 
are indeed low. This has been stressed many times. It probably 
needs no further emphasis. 

On the other hand, the rates of permissible testing have now nar- 
rowed down to somewhere between 2 and 10 megatons per year of 
fission products released. I think the most important aspect is not 
whether it is 2, 4, 6, or 10, but the fact that it is a small and finite num- 
ber, one small enough that we can right now envision an international 
agreement, as Dr. Langham has indicated, and at the same time, as 
Merril Eisenbud has indicated, that we can approach this without a 
scare—or fear—psychology, that there is sufficient time to draw sane 
and careful agreements embodying necessary precautions so that these 
agreements can be enthusiastically endorsed. We are really uniquely 
in a good position knowledgewise to affect an effective ban. 

Senator Anperson. Thank you. Can 1 of the 5 of you help me on 
a matter? The statement was made that it might take a hundred 
years to reach a high level—a hundred years of steady testing—and 
vet the strontium 90 has a half life of 28 years. How do I try to relate 
those two things? 

Dr. Langham, can you help me? 

Dr. Lancuam. What this means, sir, is that if strontium 90 is decay- 
ing with a half time of 28 years, then in about a hundred years we 
will have shot—or if you want to take Dr. Libby’s number, about 50 
years—into the biosphere enough strontium 90 so that it is decaying 
at the same rate we are testing. We will be at equilibrium and we 
can test for the next 2,000 years supposedly and it would not increase 
a great deal more. 

Senator Anperson. I think you explained that to me once before 
but I wanted to get it in this record. 

Dr. Kulp, do you have any comments? 

Dr. Kure. I think the only point I would like to add is that in 
considering this 2 and 10 that we are still shooting at this 100 number. 
Taking the radical view for just a minute, I wonder if we are fair in 
multiplying our values times 3, to be very safe, and comparing this 
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with a hundred when already we have dropped this to a hundred for 
an average general population. I think the radical might still say we 
might be allowed 30. The conservative might very well say that 2 
would be about 200 times too much. But this will come out next week. 

Chairman Duruam: Doctor, what is that 100 based on? Is that 
based on medical statistics or what is it based on? Did you just pull 
the 100 out of the air? 

Dr. Kutr. I think Dr. Langham should answer that. 

Dr. Lancuam. You were asking about the 100 micromicrocuries and 
what is it based on ? 

Chairman Durnam. Yes. 

Dr. Lancuam. The way it was derived is as follows: We have had 
a certain amount of experience with radium in people. We think we 
have a good idea that one-tenth of a microcurie of radium fixed in the 
bone for essentially one’s lifetime will do him no harm. Therefore, 
we have picked that amount of strontium 90 which would give the 
worker the same amount of radiation that was given to these people 
who had a tenth of a microcurie of radium. 

So we have said for our occupational tolerance we will take that 
amount of strontium which is equal to the maximum permissible level 
of radium. For the world population or for the unoccupied people in 
this particular pursuit, we will take one-tenth of it. One-tenth of this 
value which has been selected in comparison with radium is equivalent 
to the 100 micromicrocuries per gram of calcium in the bone. 

So it is based on comparison with radium and our experience in 
the radium industry. It assumes, sir, that the response to radiation 
is a threshhold effect. Whether or not radiation is a threshhold effect 
is not clearly yet established. In fact, the general tendency is to look 
at long-term changes following radiation damage, including genetics, 
as being the linear type and not the S-shaped curve I drew on the 
board. It turns out that 100 micromicrocuries of strontium on the 
average is about equal to the natural background that we get to the 
bone. 

You can go on from his. As Dr. Lewis has just done in a recent ex- 
cellent article in Science, you can tie this to the leukemia incidence in 
the world and you can go ahead and make postulations which will 
allow you to postulate how many cases of leukemia this may mean 
distributed throughout the world population. But in order to make 
that comparison you must assume that you know the effect of radia- 
tion or that the increase in radiation damage is linear with increasing 
dose, and not a threshold response. 

Next week is going to be a very interesting session because it is 
primarily to bring out these very points. 

Senator Anperson. Very well said, and a fine statement. I thank 
you for it. 

Are there other observations that anyone wants to make? 

If not, I would like to ask you if you would sort of document these 
“chalk talks” as much as you can to us so when we select certain por- 
tions for reproduction we may be able to add to it a little bit the 
bases upon which these decisions were reached, just as you have done 
here. 

May I therefore announce that the hearings will resume on Monday, 
June 3, and continue thiough Friday, June 7. June 11 and 12 have 








RADIOACTIVE FALLOUT AND ITS EFFECTS ON MAN 7795 


been reserved for testimony from scientific experts who wish to ap- 
year but who are not taking part in the first 2 w eeks’ discussions. The 
Monday meeting wiil be in this room. 

Just in closing, may I say it has been a real privilege to have such 
a fine panel for this work today. 

Chairman Durnam. I would like to add my appreciation, too, It 
certainly has been a fine discussion. 

Senator AnDerson. Thank you very much. 

Weare adjourned. 

(Thereupon, at 4:15 p. m., Wednesday, May 29, 1957, the hear- 
ing was recessed, to reconvene ve 10 a. m., Monday, June 3, 1957.) 


a) 


THE NATURE OF RADIOACTIVE FALLOUT AND ITS 
EFFECTS ON MAN 


MONDAY, JUNE 3, 1957 


CoNnGrEss OF THE UNITED STATES, 
SPECIAL SUBCOMMITTEE ON RApIATION 
OF THE JOLNT COMMITTEE ON Atomic ENeErey, 
Washington, D.C. 

The special subcommittee met, pursuant to recess, at 10:10 a. m., 
in the caucus room, Senate Office Building, Hon. Chet Holifield, 
chairman of the subcommittee presiding. 

Present: Representatives Holifield, Durham (chairman of the Joint 
Committee), Price, Dempsey, Van Zandt; Senators Anderson, Hicken- 
looper, and Bricker. 

Also present: Professional staff members: James T. Ramey, execu- 
tive director; George E. Brown, Jr., Hal Hollister, staff technical 
adviser, and Paul C. "Tompkins, consultant. 

Representative Horirretp. The committee will be in order, please. 

The hearings have covered up to now sections I through LX of the 
outline. This includes background information on the nature of radio- 
activity, the production of fallout by the detonation of weapons, its 
transport in the atmosphere, and its deposition and uptake in animals 
and man. We spent a good deal of time on local and delayed fallout 
and began our investigation of the main culprit, strontium 90. Many 
subjects that initially appeared to represent marked disagreement 
have developed into subjects on which there is general agreement when 
put into perspective. 

(a) The radioactivity from fission products is considerably more 
dangerous than the radioactivity induced in the environment by neu- 
trons. Furthermore, a radioactivity “clean” weapon device is appar- 
ently not possible. 

(6) The way radioactive materials are introduced into the biosphere 
is subject to wide variation with air detonations favoring wide disper- 
sion and surface detonations favoring local fallout. For estimating 
how much material is injected into the stratosphere the consensus fig- 
ure is about 50 percent, although RAND and others feel that 20 
percent is a better figure for detonations over land. The distribution 
of worldwide fallout appears to be nonuniform. Variation from the 
average by more than threefold, as far as long-range deposition is con- 
cerned, does not appear to happen. 

(c) The depositions from fallout to date in the biosphere including 
uptake in man is apparently low—approximately 10 percent—when 
compared to natural radicactivity. The significance of this fact has 
yet to be discussed. 

777 


93299°—57 








778 RADIOACTIVE FALLOUT AND ITS EFFECTS ON MAN 


(zd) Discrimination between calcium and strontium in biological 
processes does occur. 

(e) The rate at which knowledge of the food chain processes is 
accumulating leads to confidence that serious trouble from fission 
products can be foreseen in advance. 

(f) On Wednesday, May 29, there was a concensus of qualified wit- 
nesses that fallout was hazardous to a degree, and that some limitation 
on the injection of fission products from all sources into the atmosphere 
was desirable. There were differences of opinion as to this limit, with 
the highest fallout limit being placed at the rate of 10 megatons of 
fission yield per year. 

(7) The critical scientific issue in the strontium 90 controversy was 
identified as the determination of whether or not the dose-effect rela- 
tionship is linear or has a value below which it produces no effect, that 
is, a “threshold.” This subject is to be covered this week, starting 
this morning. 

This is a brief summary of the testimony as prepared by the scientific 
members of our staff. 

There was some confusion in the testimony regarding the units of 
measurement for radiation, and we have changed the order of witnesses 
this morning. We are going to have Mr. Lauriston Taylor, who is 
head of the Atomic and Radiation Physics Division of the National 
Bureau of Standards, testify this morning on this particular subject. 

Mr. Taylor, will you please come forward and take the chair on 
the right? 

Mr. Tayror. May I use the podium ? 

Representative Horirreip. Yes, you may use the podium. 


STATEMENT OF LAURISTON S. TAYLOR, CHIEF, ATOMIC AND 
RADIATION PHYSICS DIVISION, NATIONAL BUREAU OF STAND- 
ARDS* 


Mr. Taytor. Mr. Chairman, thank you very much for the privilege 
of appearing before you. 

I am the head of the Atomic and Radiation Physics Division of the 
Bureau of Standards. 

Representative Hortrtetp. Thank you, sir. 

Mr. Taytor. The material that I have to cover this morning is 
rather extensive, if one goes into detail. In order to save time, I 
would like, with your permission, to insert some dozen and a half 





1 Date and place of birth: June 1, 1902, Brooklyn, N. Y. Education: Stevens Institute 
of Technology and Cornell University. Ue joined the staff of the National Bureau of 
Standards in 1927. With the exception of the periods 1943-46, when he served overseas 
with the 9th Air Force as Chief of Operations Research Section, and in 1948, when he was 
loaned for 1 year to the AEC as Chief of the Biophysics Branch, Dr. Taylor has been engaged 
in the NBS research and development programs in radiation physics. Chairman of the 
International Commission on Radiological Protection from 1937 to 1950, adviser on the 
United States Delegation to the International Conference on the Peaceful Uses of Atomic 
Energy at Geneva, Switzerland, in 1955. Chairman, National Committee on Radiation 
Protection and Measurements ; consultant, Department of Defense Weapons Systems Evalua- 
tion Group; member of the American Medical Association’s council on physical medicine ; 
National Research Council’s committee on nuclear science, and the subcommittee on 
radiobiology ; the National Academy of Science’s advisory committee on civil defense, ete, 
Gold Medal of Radiological Society of North America for leadership in field of radiation 
protection on national and international scale; Janeway Medal of American Radium 
Society for contributions toward development of international standards for radiation pro- 
tection and radiation units ; Sylvanus Thompson Medal from British Institute of Radiology ; 
Bronze Star Medal (1945), Medal of Freedom (1946) for services for the Air Force. 
(Submitted by the Department of Commerce.) 
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ieces of material into the record, and also, if it is agreeable to you, 
t will refer to these by number as I go along. I have supplied the 
stenographer with a list of these, and this will save the time of hav- 
ing to read each title fully. 

Representative Hotirietp. Without objection, that will be the order 
of the committee. 

Mr. Taytor. Thank you. 

The main purpose of this part of the discussion is to give some gen- 
eral background for our ladion units,-and the standards of radia- 
tion protection, and to indicate some of the areas of certainty or un- 
certainty, and some of the areas where we know things with reason- 
able certainty. At the same time, I think it would be worth while in 
this connection to indicate some of the areas of research needs that 
will be fairly obvious from my discussion. 

Until about 1928, any protective measures that we may have had 
were purely on a guesswork basis, and the reason for this was that 
until 1928 we had no acceptable unit of radiation dose. In 1928 there 
was international agreement on a unit of dose known as the roentgen. 
Once this unit had been decided upon, it was then possible to go for- 
ward with the establishment of quantitative radiation dose units for 
protection purposes. 

Now, the roentgen was the only unit of radiation dose until the early 
1940’s. In fact, it was the only unit for which there was any use, 
because, for all practical purposes, we had only to deal with radiation 
from radium and X-rays, and the unit “roentgen” applies only to 
gamma rays and X-rays. 

So in that early period, the formative period of our radiation 
rotection philosophy, we dealt entirely with the roentgen as the unit. 
t is still a completely acceptable oe useful unit of exposure dose, 

with certain limitations. However, one should not speak of the dose 
from all radiations in the terms of roentgens. This, unfortunately, 
has been somewhat the practice, at least in public writing. I think the 
scientists in general keep these matters straight. 

Because we had other types of radiation to worry about beginning in 
the forty’s, particularly large quantities of beta rays, neutrons, alpha 
rays, and so on, it was necessary to have another unit which could 
measure all of these radiations in equal terms, and for that purpose 
in 1953 the International Commission on Radiological Units adopted 
another unit known as the rad. 

The “rad” is a unit of absorbed dose. It tells you how much energy 
has been imparted to tissue frem any of the radiations in question. 
It is still a difficult quantity to measure directly. A considerable 
amount of further developmental work on this is certainly require‘, 
and I will come back to some of that later. 

When we are talking about dose, there is another term that enters 
our thinking, and this is known as “dose rate,” and dose rate is, as its 
name implies a rate of giving dose. 

Perhaps to give an example to illustrate this, let us consider a dose 
of aspirin. One tablet of aspirin could be called dose, and when you 
have taken this 1 tablet you have had a dose of 1 tablet of aspirin. 
Now, a doctor could tell you that he wanted you to take a dose of eight 
tublets. If you take all of these eight tablets at once, you are probably 
going to be in some sort of medical difficulty, So you distribute them, 
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and he will tell you to take these 8 tablets at the rate of 1 per hour or 
1 every 2 hours, thereby introducing into the dose the time concept. 
Certainly, in the case of aspirin, it makes a lot of difference whether 
you take the whole eight tablets of aspirin at once, or whether you dis- 
tribute them over a day, or over a ak: 

This time distribution may or may not be important, depending 
upon the circumstances, when we are talking about radiation. 

There is another unit that has been referred to in previous testimony 
called the “rep.” ‘This was a unit that was invented for practical pur- 
poses during the Manhattan District days, and was designed to estab- 
lish some relationship between the dose that is given by different kinds 
of radiations. The difficulty today with the rep is that it has been 
variously redefined many times to the point where nobody is really 
certain as to what is meant when he speaks of the rep. 

The value for the rep of 93 ergs per gram—that is, the energy that 
is absorbed by 1 rep of radiation—was mentioned in earlier testimony. 
All I can say is that 93 ergs per gram is not considered to be a good 
value for the rep, and the hope is that this term will gradually be dis- 
continued. 

There is another term that we will hear a great deal about, I suspect, 
in the next 2 or 5 days, known as the RBE, or the relative biological 
effectiveness of radiation. The RBE isa factor that is used to equate 
the biological effects of different kinds of radiation, such as alpha, beta, 
gamma rays, X-rays, neutrons, and so on. These act differently on 
tissue because of their physical characteristics, and it is not readily 
possible to compare the effect of these different radiations without some 
kind of a comparison factor. There is considerable uncertainty about 
the values of the RBE for many radiations, and this will come out in 
later testimony. 

The relative biological effectiveness of two different radiations de- 
pend on a great many factors. It depends on the particular organ 
in the body that you are investigating, the kind of effect in that organ, 
the absorbed dose that is given to that organ, the rate of delivery of 
the dose, the way the dose is fractionated between exposures, the pH 
and oxygen content of the tissue, the temperature, and other factors. 
At the present time the RBE is known only roughly in some of the 
areas that must be regarded as quite important. Here is an area 
where a great deal more research is certainly called for. 

I might remark at this point that the National Committee on Radia- 
tion Protection in this country, and about which I will tell you more 
later, has a subcommittee working actively on the whole question of 
RBE. This program is under the chairmanship of Dr. Wright Lang- 
ham, who testified before you the other day, and is being supported 
in part by the Atomic Energy Commission in its program at Los 
Alamos. 

In this program they are presently compiling and correlating a 
vast amount of data that is pertinent to this question. We hope they 
will develop the specific areas of need, and thereby direct attention to 
them, so that the necessary research and development can be carried 
out to fill any gaps. 

I might point out at this time that our lack of knowledge of the 
RBE, the relative biological effectiveness of the different radiations, 
is not as far as we are aware, introducing what one might call danger 
factors in the setting of our permissible exposure levels. It is possible 
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to make some kind of upper and lower estimates, of the RBE values, 
«und where there is any doubt the higher value is chosen. This is 
erring on the side of providing more protection than your basic num- 
bers might initially indicate. 

On the other hand, it is important to take advantage of the proper 
values of the RBE when you know them, because, if you use values 
that are too low, it makes protection very costly and this, in turn, re- 
acts unfavorably on the development of nuclear energy programs. 

There is still another unit that I will use, and others will use con- 
siderably as time goes on, and this is known as the rem. 

The “rem” is what we would call a unit of RBE dose. It essen- 
tially includes all of the factors that we know about dosimetry. It in- 
cludes the RBE, and the absorbed dose in rads; and if you want to 
talk in completely general terms about radiation, you can refer to 
radiation dose in rems for all radiations, and for all conditions, bear- 
ing in mind that where you have an uncertainty, for example, in 
RBE’s you uaiso have an uncertainty in RBE dose. 

Another unit that has been talked about is the curie. Now the curie 
is not a unit of dose, it is a unit of quantity of radioactive material. It 
essentially tells you how much material you have, and it is related 
to the number of radioactive disintegrations that occur in a given time 
in a radioactive material, It is really more comparable, you might 
say, speaking loosely, to a unit of weight. In fact, for radium, 1 curie 
is equal to 1 gram of radium. 

One other unit that has been talked about is the sunshine unit, it is 
based on the maximum permissible body burden of strontium. Where 
we have set for occupational purposes a permissible body burden of one 
microcurie of strontium, this means one microcurie of strontium for 
the whole body. Since there are approximately a thousand grams of 
calcium in the whole body, so it means one microcurie of strontium 90 
per thousand grams of calcium. When you go through the arithmetic, 
this would turn out to be a thousand micromicrocuries of strontium 
per gram of calcium. 

Now the sunshine unit, I believe, relates primarily to the body bur- 
den for people not occupationally exposed. Those levels are consid- 
ered to be one-tenth of the levels for occupational exposure. So one 
sunshine unit would then be one one-hundredth of the average permis- 
sible body burden for the general population. 

A word as to the status of the units, On the whole I think it can be 
said that they are fairly well in hand. 

Representative Hoxiririp. Excuse me, Doctor; was there any sci- 
entific reason why the word “sunshine” was used in this instance ¢ 

Mr. Taytor. The term “sunshine” itself ¢ 

Representative Horirietp. Yes. 

Mr. Taytor. There may well be, but I am not aware of it. 

Senator Anperson. Did it not grow out of the fact it was called 
“Project Sunshine”? 

Mr. Taytor. I suspect this is the source of the name; yes. I do not 
think there is any scientific reason. 

Representative Horirietp. The word “sunshine” has a cheery note 
to it, and I was just wondering if we were allowing, let us say, propa- 
ganda to creep into our scientific terminology. Why did you not put 
it “happy” units, or something like that? 
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Senator Anperson. I do think it should be said that he not only did 
not have anything to do with the naming of it, but never heard of it 
until he came to these hearings. Was it not the fact that the whole 
project making this study was given the name “Sunshine Project”? 

Mr. Taytor. Yes. 

Senator Anprrson. Just as we have “Operation Plumbob” going 
on. They have put out Project Sunshine as the most enlightened and 
happiest look on radiation damage. 

Mr. Taytor. If I might divert just one moment, when I was with 
the Atomic Energy Commission myself for a year some years ago, we 
started a problem closely related to this, and we called it “Project 
Gabriel”—you know, Gabriel blow your ‘horn. That had kind of a 
sinister sound to it, and it may be that they wanted to undo a little of 
that. 

I think I was about to point out 

Representative Hortrtero. I did not know but what maybe this 
might be a ee pill. 

Mr. Taytor. I obv iously have had no close connection with this par- 
ticular project, as you can see. 

Getting back to the question of units there has just been published 
within the last month or so a very complete report on radiation units 
by the International Commission on Radiological Units, and this I will 
submit as exhibit 2 of my accompanying material. 

With regard to units generally, I might say that at the present time 
there are standards for all of the basic units. These have been estab- 
lished in various laboratories and are now maintained at the National 
Bureau of Standards as part of their normal program. However, 
there are many areas where further research is needed, particularly 
in the area of absorbed dose. 

There are two things needed here. One is some basic development 
on the standards and instrumentation. This is the type of work that 
might be done at the Bureau of Standards, or some other comparable 
laboratory. 

I might point out that one of the real difficulties in making progress 
with this is our inability to get the suitable people to work in a Govern- 
ment laboratory because of the competitive salaries offered by the air- 
plane industry, and soon. This isa real handicap. 

There is also a great deal of work needed in clinical and medical 
institutions, and biological laboratories, on this same question. Work 

of this sort is going forwar d, but much more is needed. 

On the RBE itself, this, of course, depends upon the absorbed dose 
studies, and, as I mentioned, there is a great deal of work going on 
in this area in the Atomic Energy Commission laboratories, as well as 
others. 

Now, in setting of the permissible dose from sources of radiation 
external to the body, we have to make some basic assumptions. Until 
1947, the standards that we used were based almost solely on the effect 
of the radiation on the individual. In 1947, we began to obtain or 
have made available to us some more quantitative information on the 
genetic effects of radiation, and on the effects of radiation on expected 
life spans (exhibit 3). 
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At that time, in 1947, while there was this evidence, it was not con- 
sidered to be sufficiently quantitative to be used in a quantative read- 
justment of our permissible exposure levels. 

In 1952 some tentative levels for the average population dose were 
set by the International Commission on Radiological Protection, main- 
ly for genetic reasons. The actual promulgation of these recom- 
mendations was held up because even then it was felt that the informa- 
tion was not sufficiently quantitative, and there was still time to await 
better information. 

It is rather interesting, in this connection, to notice that the recom- 
mendations that were discussed in 1952 are essentially the same as 
those that were recommended by the International Commission itself 
in the spring of 1956, and then later by the National Academy of 
Sciences in its report of last June. 

In this connection, I would like to introduce in the record exhibits 
4, 5, and 6. 

The recommendations of the International Commission, which I 
will not go into in detail, give 1 or 2 important numbers. 

One was that for occupational exposure a person should not receive 
more than 50 r. e. m. up to age 30, and 50 r. e. m. per decade, or every 10 
years thereafter. This is equivalent to an average of about 5 r. e. m. 
per year. The difficulty, however, is that one cannot work very com- 
fortably to an average that is geared to a yearly accumulation in this 
way. And particularly for legal purposes there is a great deal of 
difficulty in interpreting what is meant by a 5 r. e.m. per year average. 

Accordingly, the National Committee on Radiation Protection in 
this country introduced a concept which it hopes will serve to 
straighten this out somewhat. They have said that the maximum 
permissible dose for occupational purposes for an individual shall 
not exceed five times the number of years of age of that person over 18. 
—" is the age at which persons are allowed to begin radiation 
work. 

You can write that MPD=5 (N-18) rems, where N is his age. 

This means that if a person starts to work at age 18, in his first 
year he can receive 5 rem, and so on. 

This material has been described in some detail in quite a number 
of places. I will introduce one for the record here as exhibit 7. I 
will return to that in just a moment. 

Senator Anperson. Does that mean a person has got to be 60 years 
old to take 42 times 5 rems, or 210 rems? 

Mr. Taytor. Yes, sir. I have a chart that will show that. 

Senator Anperson. Is not that a pretty fair sized dose? 

Mr. Taytor. Yes, but let me show you what is meant by that, if I 
may, in just one moment. 

In connection with this change, which is a lowering of the level 
we have had up until now, we have still retained tentatively the al- 
lowance of 0.3 rem per week, or 15 rem per year, provided that the 
age-prorated dosages as given by the formula is not exceeded. 

T have a chart with me that was prepared for another purpose, but 
which I think will illustrate the point. 





1 





784 RADIOACTIVE FALLOUT AND ITS EFFECTS ON MAN 


EXHIBIT 1 
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Can you see the lower part of it? Do not pay any attention to the 
upper part. 

Here [indicating] we have plotted the dose in rems, 200, 400, 600 
rems as a function of the person’s age—age 20, 40, and 60. 

Now, in the upper region, indicated by this magenta color, is indi- 
cated the dose that a person could have received as a function of age 
under the permissible dose limits that prevailed from the period of 
1935 when we had our first dose limits, to 1947, when they were 
revised. 

According to this, a person could receive about 600 rem by age 38. 


If you extrapolated this up to 60, it would perhaps be twelve or fifteen 
hundred rem. 


Now, 1947—— 

Representative Horirretp. Who set that particular chart? Who 
set that? Was that the Radiation Association of Scientists? 

Mr. Taytor. Well, yes. This particular level of 0.1 rem per day 
was set in this country by the National Committee on Radiation Pro- 
tection in 1935 on the basis of the information that we had available to 
us then. The year before this, in 1934, the International Commission 
had set a level of 0.2 rem per day which was twice as high as the United 
States value. This country lowered it to one-tenth of a roentgen per 
week. 

Representative Van Zanpt. What is the estimated dose count at age 
60? 

Mr. Taytor. It looks like something of the order of maybe 1,200 
rem. 

Senator Anprrson. You say this one time there had been a much 
sharper rise, and therefore a much larger dose indicated prior to 1935? 

Mr. Taytor. The first permissible dose in quantitative units was 
set in 1934 by the International Commission of Radiological Protec- 
tion at two-tenths of a rem per day, and that would have been a curve 
coming up substantially steeper than the one I have indicated. 

Senator ANperson. Then this was changed in 1935 ? 

Mr. Taytor. This was changed in 1935 by the United States 
committee. 

Genator Awnperson. And is substantially the same now as it was 
then ? 

Mr. Taytor. No,sir. Iam coming to that. 

Senator ANpErsON. You said it had been changed in 1947? 

Mr. Taytor. Right. In 1947 we began to have, as I mentioned, 
more information available about genetic effects, longevity effects, and 
the effects of small doses of radiation. And so in 1947 we lowered 
the permissible dose from one-tenth rem per day (or six-tenths rem 
a to three-tenths per week. In other words, it was cut in 

alf. 


That would have meant, on the basis of the old permissible dose, 
that at age 60 a person could have received, if he had taken the maxi- 
mum, something in the order of slightly over 600 rem. 

Representative Van Zanvtr. Was that for the 12-year period from 
1935 to 1947? 

Mr. Taytor. Until 1956 or 1957 there was no limitation that was 
related toageassuch. Thisisa new concept. 

Representative Van Zanpt. What I am trying to develop is why did 
they make this reduction in dosage ? 
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Mr. Tayror. In 1947? 
Representative Van Zanpr. Yes. 
Mr. Taytor. Prior to Mahattan District days we had very little 
qoanttetins evidence to goon. A great deal of biological work was 

one by the Manhattan District Project in order to protect their own 
people, and this turned out to be very valuable and useful informa- 
tion with relation to maximum permissible exposures. So it was 
lowered in 1947 because of better information, because we found that 
our technological advances would make it possible, and because it 
just looked like good sense. 

Now, in 1956, the International Commission again recommended 
a further lowering of the dose, and this is represented by the lower 
part of the graph, the white part on the graph here. This is the dose 
in relation to age, and according to this, by age 60 a person would be 
allowed to accumulate approximately 200 roentgens. ‘These are whole 
body exposures, I am talking about. 

Representative Hontrretp. That is accumulative ? 

Mr. Taytor. That is accumulated. He can be allowed to accumu- 
late up to approximately 200 roentgens by age 60. This means work- 
ing from age 18 to 60, or 42 years. 

Representative Hortrretp. Now you said that you have a new con- 
cept of permissible radiation dose in relation toage. Why do you have 
a difference in the age group? Why do you have a different allowable 
dose? Does it have to do with the somatic cells and the reproductive 
cells? 

Mr. Tayrtor. It has to do with both the somatic cells and the re- 
productive cells; yes. Primarily, I would say the reason has to do 
with the genetic problem. Once you have done this for the genetic 
problems and introduced the kind of levels necessary for genetic pro- 
tection, if you speak of it that way, you might just as well continue 
and provide the improved somatic protection at the older age. 

Representative Van Zanpt. Doctor Taylor, based on experience, 
have you any figures to indicate the number of people that were actu- 
ally affected and the number of deaths that resulted from exposures 
to radiation ? 

Mr. Taytor. Well, I was going to say later, but I might as well say 
right now, that there is no tangible evidence that I know of, of any- 
body working under these limits, the 1947 limits, or the new limits, 
who have been harmed by the radiation levels they were exposed to. 
In other words, I know of no causative relationship between damage 
that might develop in an individual, and the radiation to which we 
were exposed at any of these levels we have been talking about; in fact, 
even under some of the less conservative levels prior to 1935. 

Representative Hoxirtetp. The fact you do not know of any specific 
cases does not necessarily prove that there has not been damage, and 
you would not state there has not been damage ? 

Mr. Taytor. I certainly would not. It does, however, indicate the 
likelihood of damage is quite small. And this is another point that 
I will come to later. The probability is so small that it requires rather 
fine statistical techniques, in order to really determine whether there 
is any effect or not. 

Representative Horirrevp. But there must be some concern or the 
scientists would not have been continuously reducing the permissible 
level there? 
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Mr. Taytor. This is correct. Even back in the early thirties, when 
we knew very little about this problem, nobody who really thought 
about the question would say that promiscuous exposure to radiation 
was harmless. We have always felt it was desirous to limit as far as 
possible the unnecessary radiation exposure. 

Representative Horirrevp. I assume we will have a great deal of 
testimony on this point from other witnesses. 

Mr. Tayxor. I am sure you will; yes. 

Senator AnpERsoN; I noticed in newspapers of Sunday, May 26, 
there was a story from Science Service that quoted Dr. W. L. Russell, 
see geneticist at the Oak Ridge National Laboratory, in which 

1e said that “Offspring from a man exposed to such radiation will 
have their lives shortened on the average of 20 days for each unit of 
the radiation their father has received.” 

Will you relate that to that chart? Does that mean, going from the 
200 level up to the old 600 level, that they would have their lives re- 
duced 400 times 20 days? 

Mr. Taytor. If his figures are correct. 

Senator Anperson. I am suggesting we assume the figures are 
correct. This was from the proceedings of the National Academy of 
Sciences, and I assume they have given some thought to it. 

Mr. Taytor. Yes. 

Senator Anperson. But he said that a man’s life would be shortened 
from 5 to 85 days for each unit of radiation received by his father, 
and the father’s life, of course, would also be shortened. But I am 
trying to relate it to that chart. Does it mean, going from 200 up 
to 600, which was the old limit and now brought down to 200—had 
that been left alone, and assuming Dr. Russell from Oak Ridge and 
his figures are correct, does that mean their life would be shortened 
400 times 20 days? 

Mr. Taytor. Yes; I think, assuming the figures were correct, this 
would be what you would expect. 

Representative Horirietp. The Chair might say that Dr. Russell 
will be a witness tomorrow. 

Mr. Taytor. Right. I would much rather let Dr. Russell discuss 
this particular question. 

Senator Anperson. Well, I would like to have you comment on 
what he said. 

Mr. Taytor. If the figures are correct—and I am not willing to 
admit personally that they have been amply proven, although there is 
a lot of evidence pointing in this direction—then I think you have to 
accept the sort of life shortening you have just mentioned. 

Senator ANperson. Something like 20 years, 22 years? 

Mr. Taytor. What was the figure you gave—20 days per roentgen ? 

Senator Anperson. Twenty days per roentgen. I do not know 
whether it is per roentgen. It says “each unit of radiation.” You 
were talking about different kinds of units. I do not know whether 
it refers to rems, curies, sunshine units, or what. I assume it is some 
kind of a unit. 

Mr. Taytor. At 20 days per man-rems, you would multiply 20 by 
200, and that would be 4,000 days, would it not ? 

Senator Anperson. I am taking the spread from 200, now regarded 
as safe, up to the 600 they regarded as safe only a few years ago, and 
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you get 8,000 days or 22 years. Is not that a pretty substantial 
shortening of life? 

Mr. Taytor. It is pretty substantial. I do not believe it. 

Senator Anpverson. Well, we are trying to get information here 
adduced by scientists, and the National Academy of Scientists is a 
reasonably good body, is it not? 

Mr. Taytor. I am not in the best position, sir, to discuss that par- 
ticular point, but I would say this: That I do not believe there is any 
evidence of a shortening of life span by that many days on the part of 
yeople who have been living within these higher permissible exposure 
oa rels. If there is such information, I am unaware of it. 

Senator Anperson. Yes. I was only taking the colors you had in 
the chart there, and was trying to see what Dr. Russell’s statement 
meant. We will ask him also, but I wondered if it related to your 
chart. That is all. 

Representative Horirrerp. Mr. Van Zandt. 

Representative Van Zanpt. To what extend does industry live 
within these standards of exposure are are they required to live within 
these limitations? 

Mr. Taytor. Well, industry has for the last 10 or 12 years been re- 
quired to live within the limitation covered by the center area down, 
and by and large they have done this very well. Actually, the 
Atomic Energy Commission operations have, for safety’s sake, been 
doing better than that, and they have in fact been living within the 
white area for some considerable time. So that these levels we are 
talking about now, while they have been reduced by a factor of 3, 
are probably not going to raise the hackles of the Atomic Energy 
Commission at all. 

Representative Van Zanpr. It is my understanding when industry 
is licensed to handle atomic material, they have to then meet the re- 
quirements laid down either by the National Bureau of Standards or 
the Atomic Energy Commission. Is that right? 

Mr. Taytor. This is correct. And the license requirement calls for 
living within or below the center region. At some time they may 
decide to accept the new recommendations and work within the white 
region. 

Representative Van Zanpt. Do you have any information on the 
experience of the Navy as far as the Nauti/us and the Seawolf are 
concerned ? 

Mr. Taytor. As to the exposure of the people? 

Representative Van Zanpr. Yes. 

Mr. Taytor. I do not have any quantitative information. I will 
tell you this, though, from personal experience: I made a 24-hour trip 
on the Navtilus about a year Ago, and I took onto the ship with me a 
very sensitive pocket dosimeter, which laid behind the reactor. I 
could hardly read any radi: ation, and I should guess that would be 
the hottest spot, or 1 of the 2 hottest spots on the ship. 

Representative Van Zanpt. Does your experience go back to Arco, 
Idaho, when the reactor initially went critical ? 

Mr. Tayrtor. I have no experience with that particular situation, 
and no knowledge of it. 

Representative Van Zanpr. Then your experience is with the 
reactor on board the Vauti/us? 

Mr. Taytor. Purely a small personal experience. 
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Representative Van Zanpt. Do you know of any naval personnel 
that may have been exposed to a dose beyond the limits that you 
mention ¢ 

Mr. Taytor. No, sir; I do not. 

I am, understand, getting back to the Nauti/us for a moment, that 
you are just about as safe from radiation in the Nautilus as you are 
in the average environment. 

Senator ANnperson. Let me ask you a question. You have me 
curious now. I went aboard the Nautilus, carrying a dosimeter. It 
registered an increase in radiation. Am I to be regarded as more 
suspect, as a more rapid carrier? 

Mr. Taytor. You probably had a hotter wristwatch on than I had. 
I do not know, sir. As I say, what I did was not done for the purpose 
of making a quantitive measurement, but just done for a lark. 

Representative Horirieitp. Of course, it is true they have a full-time 
doctor on the Nautilus, and they have taken every precaution known 
to science to protect the crew and the people on there from radiation ; 
and this is not to be compared with free radioactive particles that are 
floating around in the atmosphere. 

Mr. Taytor. This is quite true. This, of course, also applies to 
large Commission operations. It is one of the reasons why you allow 
occupational exposures to be higher than nonoccupational exposures, 
the individuals who are so exposed, are so well watched over. 

Representative Horirietp. You have a continual screening of the 
air to remove any dust particles in the Nautilus, and any solids that 
might be in the atmosphere, certainly, which gives a purer air to 
the inhabitants of the Nauti/us than you would get cutside where the 
free dust is blowing. 

Mr. Tayvor. This is probably correct. 

Representative Van Zanpr. Mr. Chairman? 

Representative Houirrerp. Mr. Van Zandt. 

Representative Van Zanpr. One more question. 

About a week ago, the newspapers carried stories concerning a 
resident of Texas who had been exposed to radiation, and the stories 
stated he was completely isolated by not only his fellow employees, 
but by his neighbors who refused to associate with him. Are you 
familiar with that situation 2 

Mr. Taytor. No,sir. I know there was some situation down there, 
but I was away at the time that occurred, and I only know about it 
secondhand. 

Senator Bricker. Mr. Chairman? 

Representative Houirreip. Senator Bricker. 

Senator Bricker. I am a bit mystified as to how you got this 20-day 
figure or 22-year figure as the shortening of the life period as a result 
of radiation, since there is no human experimentation possible from 
which to come to that conclusion. Could it be that you have had 
animal experimentation from which you deduce that conclusion? 

Mr. Taytor. You are asking me, sir, questions that I am not in the 
best position to answer. Dr. Russell is in the room at the present 
time if you would like to have him answer this. 

Representative Hoxrrievp. This is quite complicated, and I think 
when Dr. Russell comes to the stand, we will go into it in some detail. 

Mr. Taytor. I think this would be the better way to do it. 
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Representative Hortrierp. I think you had better proceed at this 
time with your statement. 

Mr. Taytor. I have talked thus far about occupational exposures 
to radiation, and I should next point out that for nonoccupational 
exposure we have set levels that are one-tenth of those for occupa- 
tional exposure. This was done several years ago for the first time— 
I think 1953—partly for genetic reasons and partly for somatic 
reasons. It is also partly a matter of ethics to keep this dose as low 
as possible, because here you are exposing people where they are in 
no position to control their own environment. 

In connection with these low nonoccupational exposures, it is desir- 
able, when possible, to take advantage of occupancy factors and ex- 
posure factors; in other words, the fraction of the time that a person 
may be exposed or not exposed. There is some evidence that some of 
these lowered values, these one-tenth values, are going to make for too 
severe restrictions in certain limited areas, and there is a possibility 
that they may be slightly raised in the future. 

We come, next, to the question of population dose, and here the 
recommendation has been made that the permissible exposure to the 
population as a whole should not exceed 14 million man-rems per 
million of population up to age 30, and one-third of this value per 
decade thereafter. This value might be changed from 14 million to 
15 million, simply to make the arithmetic easier, because we really 
do not know enough about the problem to know the difference between 
14 and 15 anyway. 

This means that persons in a population group of, say, a million 
people can receive an average dose per person of 14 million man-rems, 
including background radiation. This also implies that some persons 
may receive subsbtantially more than 14 million man-rems, provided 
others receive substantially less. This # an average population dose. 

I have a chart (exhibit 8, slide 1) that would be of some interest 
in providing some perspective as to the sources of radiation with 
which we are dealing these days. 

This is a chart that indicates in a very rough way the dose distribu- 
tion in the population for people up to age 30. 

Of this, the background will provide a dose of about 4 million man- 
rems per million of population. 

Representative Hottrrerp. Is that the natural background ? 

Mr. Taytor. That is the natural background; yes, sir. 

There is slight uncertainty in all of these figures, but that is close 
enough. This, of course, applies to a hundred percent of the popu- 
lation. 

Then we have from medical usage, exposures which have been esti- 
mated at somewhere between 1 and 5 million man-rems per million 
population. The figure 1 is the European figure, and the figure 5 
is the American figure, and I suspect that the true figure, if it is ever 
found, will be somewhere between the two. 

Representative Van Zanpt. Is that where you use radiation for 
medical purposes ? 

Mr. Tayvor. That is correct. This you think of as applying to 
100 percent of the million people we are talking about. Actually 
some will get no radiation, and others will get more. 
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Representative VAN Zanpr. Dr. Taylor, is that the amount that 
the individual will be allowed until he reaches 30 years of age; is that 
correct ¢ 

Mr. Taytor. This is what they are getting now, as far as we can 
judge from present practices. 

Representative Van Zanpr. Spread over a period of 30 years? 

Mr. Taytor. Yes. 

Representative Van Zanpt. Suppose they take the dose all at once. 

Mr. Taytor. Within andl limits, this might be all right. 
There may be extreme cases where it would not be all right. 

The total allowable amount we are going to talk about is this 14 
million man-rems per million population. 

Now, our occupational exposure at the new levels of 5 man-rems 
per year average would put into the population 150,000 man-rems as 
compared with 4 million and 5 million man-rems from medical ex- 
posure. This, however, as you see, applies only to a third of 1 percent 
of the population, which is an estimate that we think is reasonable 
for some years to come. 

Then we allow in the environs of a plant, one-tenth of the occupa- 
tional levels, and that would contribute another 150,000 man-rems 
to the population dose. And we have just made a guesstimate that 
that might apply to 1 percent of the population. To give you some 
idea of the reasonableness of this estimate, that would be something 
of the order of 16 million people living in the immediate environs of 
radiation sources, which I suspect is a very high figure for today. 

Finally, we have last, “Fallout” for which I have allotted 200,000 
man-rems per million of population. I think the National Academy 
figure here would have come to 100,000. Other estimates have been 
higher, but still you see it is quite small. 

If you total these up, the things we know about, and the fair guesses, 
this comes to about 914 million man-rems. This means that if you 
allow 14 million total that we have a balance of about 4 million 
man-rems that can be used up in other ways. Some of this will be 
used up in radioactive devices in the homes. You might use some 
of this in medical exposure, you might use some of this in fallout, and 
so on. But there is still a little room for motion here, as far as our 
uses of radiation are concerned. 

Representative Van Zanpr. Dr. Taylor, are these figures based 
on the radiation in the atmosphere today plus what will be in the 
atmosphere, say 5, 10, or 15 years from now ? 

Mr. Taytor. No, sir. These are based on the situation today. 

Representative Van ZAnpt. Today ? 

Mr. Taytor. Right. Yes. 

Iam sorry. I skipped one point in connection with this previous 
discussion which I would like to return to, if I may, for just a moment. 
This has to do with working within the white region under our new 
levels. 

So long as a person’s dose accumulates at such a rate that he never 
exceeds the line at the top of the white area, he can acquire his dose at 
varying rates. If he starts work late in life, say at age 35, he can 
accept his dose at the rate of 15 man-rems per year, until he begins 





a 


ee 


Si nal ola al 


| 





792 RADIOACTIVE FALLOUT AND ITS EFFECTS ON MAN 


to get up close to the top, at which time prudence would say he should 
taper off a bit. This is one of the nice features about this concept, 
because it gives the plant enormous latitudes i in designing their safety 
operations. This is discussed in item 7 of the exhibit material. 

Representative Hortrmip. You will submit both charts for the 
record, will you not? 

Mr. Taytor. Yes, sir; and with reference to the other chart I showed, 
I would refer you to item 8 of the material. 

Now, these standards that I have been talking about apply to the 
whole body, the lens of the eyes, and the gonads, They apply to all 
kinds of radiation, but obviously we need a great deal more informa- 
tion than we now have with regard to the RBE for the different radia- 
tions, and for the different organs. 

tepresentative Van Z. wor. M: iy Lask a question at this point? 

Mr. Taytor. Yes, sir. 

Representative Van Zanpt. Mr. Taylor, suppose an individual takes 
the limit of the dose up to the age of 30, then he leaves the industry, 
and comes back at age 50, and starts all over again. What has hap- 
pened to the dose he took ‘prior to and up to the time he was 50 years 
of age? 

Mr. Taytor. There would probably have been some recovery from 
that dose, but for control purposes, you will assume there has been no 
recovery. 

Representative Van Zanpt. In other words, you assume that some 
radiation is still in his body ? 

Mr. Taytor. That is what you would assume. He would then be- 
tween age 30 and 50 have been out of radiation work for 20 years. 
For each of those 20 years, he would have built up an allowance of 

5 man-rems, or a hundred man-rems total. He can then take 15 man- 
rems per year until he begins to get up close to that, and then he would 
begin to flatten off again. 

Representative Howtririp. Doctor, we are going to have to move 
along. We are running a little behind schedule, and we have two 
other witnesses this morning. Are you in a position now to begin 
your summary ? 

Mr. Taytor. Well, I can do that. 

Representative Horirretv. How many more items had you planned 
on discussing ? 

Mr. Taytor. There were several. There has been a lot of side dis- 
cussion I had not counted on. 

tepresentative Horirme.p. I know there has. It is not your fault. 
Go ahead. 

Mr. Tayror. I will touch very quickly on some of these points. 

Representative Horrrierp. I understand you are going to submit 
for the record a complete treatment of each one of these subjects. 

Mr. Taytor. This is correct; yes. 

In dealing with the exposure of the body to different kinds of 
radiation, whether it be external sources of radiation or internal 
sources of radiation, you would have to treat each source and each 
body organ separately, the dose to those organs, the RBE for that 
dose, and soon. This again is an extremely complicated problem, and 
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one about which we have relatively little quantitative knowledge at 
the present time. 

The new recommendations that I have been referring to and that 
will make for a lowering of the accumulated dose will not apply in 
this same way to internal emitters. Most of the permissible dose levels 
for internal emitters will remain at the values that they are cur- 
rently. This is because only partial body exposure is involved, and, 
therefore, you do not need to go into the same extensive lowering 
of internal dose that you do for external dose. 

This, incidentally, is going to somewhat simplify, or at least not 
make more complicated the atomic energy operations as they are now 
being carried out. 

With relation to strontium 90, the permissible dose of strontium 
90 in the body is related to the knowledge that we have of the effects 
of radium in the body, and primarily in the bone. You cannot com- 
pare these exactly because radium is an alpha emitter, and strontium 
1s a beta emitter. In the process of arriving at a permissible dose for 
strontium various factors of uncertainty have been resolved in such 
a way that I believe I am correct in saying the permissible levels for 
strontium may be as much as 15 times more conservative than the 
levels we have for other radioactive isotopes. This will undoubtedly 
be discussed by one of the later speakers. 

Without going into any discussion, I will introduce into the record 
discussion of the various international and national committee ac- 
tivties by introducing items 9 through 15 of the supporting material. 

In connection with the question of permissible dose standards, there 
are, as [ have indicated, a large number of variables, and a large num- 
ber of uncertainties. We do not have now, and probably will not have 
for a long time, any quantitative evaluation of the risks involved. 
What somebody has to do, is to evaluate the risk due to radiation 
against the benefits from the use of radiation, and the risk due to 
other things that affect our normal life. 

In this connection I frequently feel compelled to say that this ques- 
tion of radiation safety and permissible dosage standards is not a sub- 
ject for which there is a clean and simple answer. The whole ques- 
tion of setting radiation exposure limits depends on physics and biol- 
ogy. It depends enormously on ethics and morality, and on an enor- 
mous amount good judgment and good wisdom on the part of the 
people who are responsible for setting them. It is by no means a 
clean-cut quantitative physical problem. 

I was asked specifically to comment on the possible effects of the 
use of different protection standards by different nations, as to whether 
this might introduce some kind of misunderstanding between nations. 
This is fortunately an academic question at the present time. 

In this country, the States and the Federal Government use the 
recommendations of the National Committee on Radiation Protec- 
tion. As far as I am aware, all countries in the world, including the 
Iron Curtain countries, use the recommendations of the International 
Commission on Radiological Protection. These are in exact agreement 
with those that are used in this country. Perhaps they could not 
help but be because of the close relationship between the United 
States national and the international committees. 
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A problem does exist, at the present time, with regard to both 
national and international bodies working on these questions. ‘This 
problem had to do with the plethora of organizations that are setting 
up various kinds of protection groups and protection studies. The 
manpower that is knowledgeable in this area is very limited, and the 
same people are called on repeatedly, wearing different hats, to en- 
gage in different and overlapping activities. ‘To avoid this, the inter- 
national commissions are presently setting up formal working rela- 
tionships with various other international organizations—W HO, ILO, 
UNESCO, ISO, and so on—about a dozen organizations. These have 
their own special interests, but by common consent they now look to 
the two international commissions for their basic guidance. 

One of the big question marks in the future is whether the new 
International Atomic Energy Agency will do this also. It is to 
be hoped that they will. 

I think at this point, sir, I will stop. I have gone way over the time 
that was originally allotted me. 

Representative HoxriFirecp. I am sure that your presentation has 
been very valuable to us, and I know that the documentation which 
you told me of previous to the meeting will be additionally valuable. 
You did take up in this documentation the comparison of strontium 
90, the 100 permissible dose as against the 1,000? 

Mr. Tayvor, The sunshine unit ? 

Representative Horirrevp. Yes. 

Mr. Taytor. No, sir; that is not in my documents. I have no doc- 
uments on that, but I am sure that will be documented from other 
sources in the course of the hearing. 

Representative Hotirreip. Thank you very much, Mr. Taylor. 

(Mr. Taylor’s full statement with exhibits follows :) 


STATEMENT OF Dr. LAuRISTON S. TAYLOR, CHIEF, ATOMIC AND RADIATION PHySIcs 
DIVISION, NATIONAL BUREAU OF STANDARDS 


The main purpose of this part of the discussion before your committee is to 
give some background in the matter of radiation protection standards, and to 
indicate areas of uncertainty and reasonable certainty in this field. Mention 
will also be made of some specific areas of research that should have more 
emphasis. 

RADIATION UNITS AND STANDARDS 


Until about 1928 any protective measures that we had were on an almost 
purely guess-work basis because of lack of radiation units and standards. The 
adoption of the roentgen in 1928 was the first step leading to the first quantitative 
radiation protection standards 6 years later. The roentgen was the only radia- 
tion unit until the early 1930's and applied only to X- and gamma-rays. Of 
course until the early forties’ we had essentially no other radiations to worry 
about. The roentgen is still an important and useful unit of exposure dose with- 
in its limitations. 

Recognizing the need for a universal unit of dose, the International Commis- 
sion on Radiological Units and Measurements, in 1953, adopted the rad, a unit 
of absorbed dose that applies to all radiations. The rad measures the energy 
imparted to matter by the ionizing particles, per unit mass of irradiated material 
at the place of interest, and is equal to 100 ergs per gram. However, it is still 
difficult to measure a rad directly and on this much more developmental research 
is needed. 

Dose rate is a commonly used term. As its name implies it is the rate of 
administering a dose. In many radiation effects the rate of administering the 
dose can have an important influence on the ultimate biological effect. It 
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may be compared with a dose of aspirin. You might say that one tablet was 
one dose, or that eight tablets was one dose. In the latter case it makes a great 
deal of difference whether the prescription says to take the eight tablets all at 
once, or eight per hour, or eight per day. The results upon the individual might 
be quite different under the various circumstances just noted. 

The rep is a unit that has been mentioned several times in previous testimony. 
This unit was invented during the early Manhattan District days for equating 
various radiation effects of different kinds of radiation. One of the difficulties 
with the rep at present is the fact that it has been redefined at various times 
with the result that one is never exactly sure as to what is meant by the term. 
In view of present-day knowledge it is certainly not 93 ergs per gram as men- 
tioned by one of the earlier speakers. It is our hope that the use of the rep will 
be completely discontinued. 

The RBE, standing for relative biological effectiveness, is a very important 
term, and is used in equating the biological effects of various kinds of radiation, 
such as alpha, beta, gamma, and X-rays, neutrons, ete. All values of RBE are 
related to an assumed value of RBE=1 for X-rays of the energy more commonly 
used therapeutically. The RBE depends upon many factors, such as the kind 
of radiation, body organ, kind of effect caused, absorbed dose, absorbed dose-rate, 
dose fractionation, pH, oxygen tension, temperature, etc. Because of its de- 
pendence on all of these factors, it is not too surprising that our present-day 
knowledge of RBE values is not all that it should be. For alpha particles, the 
RLE may vary between 2 and 10, depending upon the interpretation of various 
experiments. 

At the present time the RBE is known only roughly in many important areas 
and much more research is needed in the study of this factor. The National 
Committee on Radiation Protection (NCRP) has a subcommittee working 
actively on this whole question under the direction of Dr. Wright Langham of 
Los Alamos. At present the subcommittee is compiling and correlating a vast 
amount of data and are developing specific areas where further research is 
needed. It should be pointed out that our lack of knowledge of the RBE is 
probably not introducing a danger factor in the setting of our permissible dose 
levels. We can make some reasonable estimates of the upper and lower limits 
of the RBE for particular circumstances, and where there is any uncertainty a 
higher or more conservative value is chosen. On the other hand, use of too 
high values for the RBE can cause us to be over-protecting ourselves, at some 
considerable cost. 

Another radiation unit is the rem, a unit of RBE dose, which essentially in- 
cludes all of the facters entering into the biological dose as well as they may 
be known. An RBE dose expressed in rems is equal to the product of the 
absorbed dose in rads and the RBB. Thus, RBE dose in rem=Z[absorbed dose 
(rads) x RBE}. 

The Curie is not a unit of dose but a unit of an amount of radioactive material. 
It is related to the number of disintegrations that occur per second in radio- 
active material and this, in turn, specifies the amount. It may be compared 
with a unit of mass and, in fact, one curie is equivalent to 1 gram of radium 

Another unit used in connection with Sr-—90 problems is known as the “sunshine 

unit.” This is related to the maximum permissible average body burden of 
Sr-90 in the population outside of controlled areas. One sunshine unit is equal 
to one-hyndredth of the average permissible body burden for the general popu- 
lation. If one considers that the maximum permissible body burden for radia- 
tion workers is one micro-curie of Sr—90, then the permissible body burden for 
persons outside of controlled areas would be 0.1 microcuri of Sr—90. Since the 
body contains about 1,000 grams of calcium this body burden would amount to 
0.1 microcuries of Sr—90 per thousand grams of calcium. This reduces to 100 
wucuries of Sr-90 per gram of calcium. One sunshine unit is one-hundredth of 
this quantity. 

STATUS OF UNITS 


On the whole it is considered that our situation with regard to radiation 
units is fairly well in hand, as exemplified by the latest report of the Inter- 
national Commission on Radiological Units and Measurements in 1957, 
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EXHIsitT 2. NATIONAL BuREAU OF STANDARDS HANDBOOK 62, Report OF THE INTER- 
NATIONAL COMMISSION ON RADIOLOGICAL UNITS AND MEASUREMENTS (ICRU) 
Paces 5-7, 1956 

I, QUANTITIES, UNITS, AND SYMBOLS 


1. DEFINITIONS OF QUANTITIES AND uNITs * 


1.1.2 Absorbed dose of any ionizing radiation is the energy imparted to matter 
by ionizing particles per unit mass of irradiated material at the place of interest. 

1.2. The unit of absorbed dose is the rad. 1 rad is 100 ergs/g. 

1.3. Integral absorbed dose in a certain region is the energy imparted to 
matter by ionizing particles in that region. 

1.4. The unit of integral absorbed dose is the gram rad. 1 gram rad is 100 
ergs. 

1.5.2 Absorbed dose rate is the absorbed dose per unit time. 

1.6. The unit of absorbed dose rate is the rad per unit time. 

1.7. Exposure dose of X- or gamma radiation at a certain place is a measure 
of the radiation that is based upon its ability to produce ionization. 

1.8. The unit of exposure dose of X- or gamma -radiation is the roentgen (r). 
One roentgen is an exposure dose of X- or gamma radiation such that the asso- 
ciated corpuscular emission per 0.001293 g of fair produces, in air, ions carry- 
ing 1 electrostatic unit of quantity of electricity of either sign. 

1.9. Exposure dose rate is the exposure dose per unit time. 

1.10. The unit of exposure dose rate is the roentgen per unit time. 

1.11. Intensity of radiation (radiant energy flux density) at a given place is 
the energy per unit time entering a small sphere of unit cross-sectional area 
centered at that place. 

1.12. The unit of intensity of radiation may be erg per square centimeter 
second, or watt per square centimeter. 

1.13, The unit of quantity of radioactive material, evaluated according to its 
radioactivity, is the curie (ec). One curie is a quantity of a radioactive nuclide 
in which the number of disintegrations per second is 3.70010”. 

1.14. Specific gamma-ray emission (specific gamma-ray output) of a radio- 
active nuclide is the exposure dose rate produced by the unfiltered gamma rays 
from a point source of a defined quantity of that nuclide at a defined distance. 

1.15. The unit of specific gamma-ray emission is the roentgen per millicurie 
hour (r/mch) at 1 cm. 

1.16. Linear energy transfer (LET) is the linear-rate of loss of energy (locally 
absorbed) by an ionizing particle traversing a material medium. 

1.17. Linear energy transfer may be conveniently expressed in kilo electron 
volts per micron (key/z). 

1.18. Mass stopping power is the loss of energy per unit mass per unit area 
by an ionizing particle traversing a material medium. 

1.19. Mass stopping power may be conveniently expressed in kilo electron 
volts per milligram per square centimeter (kev cm*/mg). 


Notes on the following definitions 


The numbering corresponds to the paragraphs above. 

1.1 Absorbed dose. 

(a) In the definition of absorbed dose “energy imparted to matter’ means 
energy retained by matter and made locally available at the place of interest. 
The absorbed dose includes all energy absorbed per gram of any material under 
consideration. Thus it includes the energy of nuclear collisions as well as that 
of electronic collisions. 


1 Symbols and nomenclature. There are numerous national and international bodies that 
have reached varying degrees of acceptance of the use of symbols and units for physical 
quantities. However, there is no universal acceptance of any one set of recommendations. 
It is suggested that each country modify the symbols used herein, in accordance with its 
own practices. Thus one may write: kev. keV, or Kev; “C or C“; rad per unit time, 
rad per time, or rad divided by time: rad/sec, rad/s, or rad’s-7; ete. The most generally 
accepted system of symbols and units may be that contained in Document UIP 6 (1955) 
prepared by the International Union of Pure and Applied Physics. These are in fairly 
close agreement with the recommendations of the International Standardization Organiza- 
tion project ISO/TC 12, the Conférence Générale de Poids et Mesures, Union Internationale 
de Chimie Pure et Appliquée, and the International Electrotechnical Committee. No effort 
is being made in the present report to conform to the standards recommended by the 
above organizations. 

2See notes following these definitions, 
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(b) Because the rad does not specify the medium, the medium should be 
stated unless it is clearly implied. For example it is convenient to use the 
term “tissue rad,” which corresponds to a rad at the point of interest in soft 
human tissue. 

(c) Absorbed dose may be estimated by application of the cavity relation 
whereby the energy imparted to a solid per unit mass, (A Z/Am)=E2a, is related 
to the ionization per unit mass of gas, (AJ/Am) =J_m, by the equation 


En=JmW8m, (1) 


where 8m is the ratio of the mass stopping power of the material to that of the gas. 

(d) Whenever ionization methods are used for the estimation of absorbed 
dose, the observed ionization must be multiplied by a quantity W equal to the 
average energy expended by ionizing particles in the production of an ion 
pair in the gas. 

The value of W for X- and gamma radiation probably lies between 33 and 35 
ev for air. It is recommended that the value of W=34 ev be used for calcula- 
tions involving X- and gamma radiation of quantum energy greater than 20 k>y. 
Section 5 contains the currently recommended values of W and 8m as needed 
in X- and gamma radiation and neutron dosimetry. 

1.5 Absorbed dose rate. 

It should be pointed out that there are special situations when the absorbed 
dose rate should be expressed more explicitly. For example: when the absorbed 
dose rate is not constant during the time of irradiation, it may be desirable to 
specify also the instantaneous absorbed dose rate. It is recognized that the 
term “instantaneous” may not always be sufficiently explicit and that perhaps 
a statement should be added referring specifically to an absorbed does rate of 
pulsed radiation averaged over a single pulse. 

1.7 Exposure dose of X- or gamma radiation. 

(a) The translation of “exposure dose” into German is “Bestrahlungsdosis,” 
into French “dose d’exposition,” and into Spanish ‘“dosis de exposicién.” 

(b) Although the definition of exposure dose was purposely stated in loose 
terms, a more physically specific definition might be as follows: “the exposure 
dose is measured by the ion charge, AQ, of either sign, produced in air by the 
secondary electrons, which are produced by X- or gamma radiation in a small 
mass, Am, of air divided by Am.” Note that according to the above defini- 
tion, AQ is not the charge measured in Am. However, under electronic equilib- 
rium conditions, the charge produced in Am is numerically equal to AQ (see sec- 
tions 1.8 (a), 4.2.a, and 5.2). 

(c) The wording of this definition leaves open the possibility of later de- 
fining exposure dose for radiations other than X- or gamma rays. 

1.8. The roentgen. 

(a) According to the definition, a dose of one roentgen is obtained at a point 
if the high-speed electrons generated in 0.001293 g of dry air at that point 
produce along their track 1 esu of ions of either sign. Accurate measure- 
ments in roentgens are not obtained by actually measuring these ions. In- 
stead the concept of electronic equilibrium is used so that one can measure 
the ionization per 0.001293 g of air. According to this concept the ionization 
produced outside of a small mass, m, by high-speed electrons generated inside 
of m is compensated by ionization produced inside m by electrons generated 
outside of m (Fano, 1954). 

(b) The corpuscular emission shall not include contributions due to sec- 
ondary X- or gamma radiation produced in the quantity of air in which the 
corpuscular (electron) emission referred to is generated. This follows from a 
consideration of the actual definition of the roentgen and the concept of elec- 
tronic equilibrium. 

(ec) It becomes increasingly difficult (because of electronic equilibrium limi- 
tations) to determine the exposure dose in roentgens as the quantum energy 
of the X- or gamma radiation approaches very high values. For practical pur- 
poses, 3 Mev is arbitrarily regarded as the useful upper limit of the energy 
range over which the roentgen should be used. 

1.9. Exposure dose rate. 

(a) Exposure dose rate can be used to specify a field of irradiation or the 
output from an X- or gamma-radiation source up to 3 Mev. 

(b) For quantum energies above 3 Mev, the ICRU at present is not in a 
position to make a firm recommendation on the specification of output from a 
radiation source. One may use either intensity, or the absorbed dose rate at 


ee 
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the peak of the buildup curve in a phantom under specified conditions; the 
latter may be derived from ionization measurements. 

(c) It should be pointed out that there are special situations when the ex- 
posure dose rate should be expressed more explicitly. For example, when the 
exposure dose rate is not constant during the time of irradiation, it may be 
desirable to specify also the instantaneous exposure dose rate. It is recognized 
that the term “instantaneous” may not always be sufficiently explicit and that 
perhaps a statement should be added referring specifically to an exposure dose 
rate of pulsed radiation averaged over a single pulse. 


2. RECOGNIZED SYMBOLS 


2.1 RBE (relative biological effectiveness). RBE is used to compare the 
effectiveness of absorbed dose of radiation delivered in different ways. It has 
been commonly represented by the symbol ». It signifies that m rads delivered 
by a particular irradiation procedure produces a biological response identical 
with that produced by m7 rads delivered by a different procedure. 

The statement that “the RBE of a radiation relative to y radiation is 10” 
signifies that m rads of a radiation produces a particular biological response 
in the same degree as 10m rads of y radiation. This statement may be further 


s, a 
summarized as 1, =10. 


The concept of RBE has a limited usefulness because the biological effective- 
ness of any radiation depends on many factors. Thus the RBE of two radia- 
tions cannot in general be expressed by a single factor but varies with many 
subsidiary factors, such as the type and degree of biological damage (and hence 
with the absorbed dose), the absorbed dose rate, the fractionation, the oxygen 
tension, the pH, and the temperature. 

2.2. RBE dose is equal numerically to the product of the dose in rads and 
an agreed conventional value of the RBE with respect to a particular form of 
radiation effect. The standard of comparison is X- or gamma radiation having a 

\ LET in water of 3 kev/u delivered at a rate of about 10 rad/min. 

2.3. The unit of RBE dose is the rem. It has the same adherent looseness 
as the RBE and in addition assumes conventional and not necessarily measured 
values of RBE. It is therefore recommended that its use be restricted to state- 
ments relating to radiation protection. For example, the statement might be 
made: 

The permissible weekly whole body RBE dose is 0.3 rem regardless of the 
type of radiation to which a person is exposed. 

Should occasion arise when results have been evaluated with other than 
agreed conventional values of RBE, the values used should be clearly stated. 

In the case of mixed radiations the RBE dose is assumed to be equal to the 
sum of the products of the absorbed dose of each radiation and its RBE: 

RBE dose in rems=2[ (absorbed dose in rads) X RBE]. 


(Mr. Taylor’s statement—continued. ) 


Standards of all of the basic physical units have been established and are 
maintained at the National Bureau of Standrds. However, further research is 
needed in certain areas. 

More research and development is needed on the units and standards of 
absorbed dose (rad). The physical aspect of this problem should be carried 
out at the National Bureau of Standards, but here there is a severe difficulty, 
through the inability to secure properly qualified personnel at salaries that can 
be paid by the Government. In addition to this, considerable research on clinical 
applications of the absorbed dose concept should be developed in medical and 
biological institutions. 

As noted above more research is needed on the RBE. This, in turn, depends 
upon the studies of absorbed dose and absorbed dose standards. The biological 
aspects of this work are already being carried out by the Atomic Energy Com- 
mission and various biomedical groups, but more effort is need. 


STANDARDS OF PERMISSIBLE DOSE FROM SOURCES OF RADIATION EXTERNAL TO THE 
BODY 


Until 1947 standards of permissible dose were based almost solely upon the 
radiation effects on the individual. There was an awareness that this might not 
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be sufficient but as already noted quantitative evidence and other effects was 
lacking. In 1947 considerable new evidence had been developed, as a result of 
studies in the Manhattan District project. These gave strong indications that 
genetic and longevity effects should be considered but again lack of a sufficient 
evidence at that time prevented their quantitative use. The effects, if any, were 
either marginal or were of such a long-range value that their true assessment 
could be attained only by critical statistical analysis, At the time we were 
not yet ready to go forward with this. 


Exutpit 3. NATIONAL BurREAU oF STANDARDS HANDBOOK 50, PERMISSIBLE DOSE 
FrRoM EXTERNAL Sources or IONIZING RADIATION, SECTION 3.9 AND 3.10, Paces 
17-20, SEPTEMBER 1954 

8.9. GENETIC EFFECTS 


Ionizing radiations are capable of producing changes in indivdual genes and 
chromosomes in all nucleated body cells. The subsequent manifestations of 
these primary effects (when sufficiently marked) are generally deleterious to 
the individual in his lifetime and to future generations when they occur in the 
germ cells. It has been shown experimentally that genetic changes can be pro- 
duced with low doses of radiation. The frequency of occurrence increases 
linearly with the dose in the case of gene mutations and is independent of the 
duration of the exposure. In the case of chromosome breaks with subsequent 
abnormal union of some fragments (e. g., translocation) the frequency of oc- 
currence depends also on the dosage rate, within certain limits. It is evident 
that wheher an individual is particularly susceptible or not, some injury of this 
type is unavoidable. Some cells in his body, including some germ cells, will be 
genetically altered. However, genetic changes of the same kind occur spontane- 
ously and one is not dealing with a mysterious injury of an entirely new type. 
The main point is to control exposure in such a way that the eventual manifesta- 
tion of genetic injury is not too large in comparison with the occurrence of 
spontaneous genetic abnormalities. Insofar as the welfare of the race is con- 
cerned (i. e., future generations) gene mutations with inconspicuous manifesta- 
tions play the most impertant part. The controlling factor is then the number 
of undesirable genes (both spontaneous and radiation-induced ones) present in 
the general population in which intermarriage occurs. It is, therefore, immaterial 
in this case whether in one generation the undesirable genes are present largely 
in a few individuals or are distributed throughout the population in correspond- 
ingly smaller number per individual. Accordingly, the amount of radiation 
received by the gonads of one individual up to the time of conception of the last 
child in his family, can be very large without noticeably damaging the popula- 
tion as a whole— provided that only a very smali fraction of the whole popula- 
tion is exposed to this extent. Under present conditions and for some time to 
come, genetic damage to the population as a whole in future generations is not a 
limiting factor in setting up a permissible level for occupational exposure to 
ionizing radiation. For other reasons the level must be considerably lower than 
might be set on the above grounds. However, it is well to bear in mind that 
this factor assumes greater importance as the percentage of the population 
exposed to radiation increases. Moreover, it should be realized that any amount 
of radiation received by the gonads of even a few individuals before the end 
of their reproductive period is likely to add to the number of undesirable genes 
present in the population. While the majority of these genes may have no 
recognizabie effects for a number of generations, practically all are potentially 
bound to result eventually in undesirable conditions. 

Considering now genetic damage manifestable in the lifetime of the individual 
or in the first-generation offspring, it is obviously necessary to limit the exposure 
of every individual. Chromosomal damage in somatie cells may be responsible, 
at least in part, for radiation injuries that become evident in the lifetime of the 
exposed individual. Very little is known about this (which in essence has to do 
with the mechanism of the action of radiation), but a great deal is known about 
the observable effects themselves. For purposes of protection it is suflicient to 
choose a level of exposure that will effectively prevent the occurrence of the 
injurious effects no matter how they are produced. Genetic changes manifestable 
in the first-generation offspring are of concern to the exposed individual, since 
his well-being depends in no small degree on psychological factors in his family 
life. Sterility, stiilbirths, and abnormal children may be produced by over- 
exposure of radiation. Most of the information on these effects has been obtained 
from animal experiments, but it may be taken for granted that the same effects 
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occur in man. However, practical experience indicates that undesirable effects 
of this nature, if present, have not been so marked as to attract attention, in the 
case of radiologists and technicians who have been occupationally exposed to 
radiation—sometimes excessively, as shown by other more obvious injuries. 
It should be noted in this connection that sterility, stillbirths, and abnormal 
children occur in nature spontaneously or for reasons in which exposure to radia- 
tion plays no part. In any particular instance, it is therefore extremely difficult 
to attribute any such effect to radiation. 


8.10. EFFECT ON LIFESPAN 


Experiments performed with laboratory animals (chiefly mice and rats) show 
that exposure to radiation in sufficient amounts shortens the average lifespan. 
This has been found to be true under a variety of different conditions of irradia- 
tion, including daily exposures and single treatments. In all these experiments 
survival curves of the irradiated animals are compared with survival curves of 
a control group. Because there is always considerable biological variability, 
small differences in survival curves may occur in the control groups themselves. 
Hence small differences caused by exposure to radiation are obscured and cannot 
be considered significant. In order to establish small differences it is necessary 
to use very large numbers of animals (of the order of thousands rather than 
dozens) and to take many precautions. Because the number of animals used in 
such experiments has been too small, it has been customary to extrapolate to 
smaller doses the results obtained with doses-so large that significant differences 
could be established. Following this procedure it may be shown that an appre- 
ciable shortening of the lifespan occurs in mice and rats exposed daily to doses 
of X-rays in the neighborhood of 0.1 r. Whether this extrapolation is justified 
or not cannot be decided at the present time. Experimental data on lifespan 
obtained with other laboratory animals are quite fragmentary and extrapolation 
to low daily doses is even more uncertain. No quantitative information is avail- 
able in the case of man. Because the possibility of a shortening of the lifespan 
in man by smal] daily doses cannot be excluded, the available experimental data 
may be assumed to indicate the desirability of lowering the permissible daily 
dose for lifetime exposure of the whole body to penetrating radiation. 

Essentially the same situation exists in connection with the interpretation of 
other gross effects produced by continued exposure of the whole body to pene- 
trating radiation. Small effects are difficult to determine accurately unless very 
large numbers of experimental and control animals are used. 


(Mr. Taylor’s statement—continued.) 


In 1952 the International Commission on Radiological Protection arrived 
at tentative agreement regarding an average population dose that would take 
into consideration the genetics hazard. However, actual promulgation of any 
recommendations were held up because it was not considered that the urgency 
was very great and that, in fact, it would be wiser to await better information. 
It is interesting to note that the tentative agreements of 1952 were in close 
accord wih those later recommended by the ICRP in April 1956 and later by 
the National Academy of Sciences in the same year. 


ExHtsit 4. NATIONAL BUREAU OF STANDARDS TECHNICAL NEWS BULLETIN, MEET- 
INGS ON RADIATION UNITS AND PROTECTION, VOLUME 40, No. 7, JULY 1956 


MEETINGS ON RADIATION UNITS AND PROTECTION 


Important decisions relating to the measurement and safe use of radiations 
were announced at the triennial meetings of the International Commission on 
Radiological Units and the International Commission on Radiological Protection, 
both of which were held April 2-11, 1956, in Geneva, Switzerland.’ In a move 
to achieve greater international uniformity of X-ray measurements, the ICRU 
initiated a project in which basic equipment, to be developed by the Bureau, 
will be loaned to countries that lack primary standards of their own. The 
principal outcome of ICRP deliberations, on the other hand, was a revised set 





1The reports of the two commissions are expected to be published in the late fall of 
1956. The ICRU report will appear in the form of an NBS Handbook and the ICRP report 
will be published as a supplement to the British Journal of Radiology. 
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of recommendations for permissible levels of ionizing radiation te which 
human beings may be exposed. Another highlight of the ICRU meetings was 
a discussion of problems raised in translating measurements made in roentgens 
to the newer unit of absorbed dose, the rad, 


UNITS COMMISSION 


The ICRU has been in active existence since it was established by the first 
International Congress of Radiology in 1925. Its major objective is the’ estab- 
lishment of units of radiation dosage for use in medicine and biology, and in 
this field it has set the world pattern for over 30 years. At the same time, it 
deals with special problems of radiation measurement in both clinical and 
biological applications, and establishes the necessary nomenclature and descrip- 
tive procedures in regard to radiation doses. 

Problems facing the ICRU have become increasingly complex as radiation 
energies have moved to higher and higher values, and as other ionizing radia- 
tions requiring measurement, such as neutrons, have been introduced. An 
important step in advancing the common base for all radiation measurements 
was taken in 1953 with the introduction of an energy unit of measurement called 
the rad. The rad, equal to 100 ergs per gram of irradiated matter, for the 
first time expresses radiation dose directly in terms of basic physical units. 
Determination of dose in terms of the older unit, the roentgen, involves only 
ionization measurements, and the transition to the technique of energy measure- 
ment has been difficult. Much of the recent meeting was therefore devoted 
to developing background material needed to make energy measurements more 
practical under clinical and experimental conditions. The forthcoming report 
of the Commission will contain not only this extensive body of material, but 
also the physical and numerical factors needed to convert ionization measure- 
ments made with conventional instruments to energy measurements applicable 
to radiation absorption in tissue. 

It was brought out at the ICRU meeting that few countries have primary 
standards of X-ray dosage with the requisite range and accuracy. Though in 
the recent or distant past, intercomparisons of primary standards have been 
made between the United States, Great Britain, Sweden, France, Germany, and 
Canada, a great many other countries that use X-rays and gamma rays from 
radioactive nuclides are without the benefits of central national laboratories. 
To improve this situation, the Commission recommended that a secondary X-ray 
standard be developed and constructed which can be loaned to other countries 
for the calibration of the working standards which in turn are used to control 
radiation measurements in their hospitals and research institutions. 

The National Bureau of Standards was asked to undertake this program 
and has agreed to do so. The plan is for the Bureau to construct a suitable 
cavity ionization chamber which can be calibrated over a wide energy range 
against the NBS primary standards. To control the measurements of the 
ionization chamber, a standard capacitor will also be provided. The Bureau will 
also supply a standard diaphragm to be used in intercomparing free-air standards 
in those laboratories having them. 


PROTECTION COMMISSION 


Established in 1928, the ICRP has had the responsibility for setting the work- 
ing levels of ionization radiation to which all persons may safely be exposed. 
When the Commissicn’s work began, there was little thought that its findings and 
recommendations would play so important a part in the international picture 
of radiation use. It was fortunate, indeed, that its first recommendations on 
permissible exposure, made in 1934, were able to provide the guidelines for 
protection. 

Work of the ICRP has been closely paralleled by that of the United States 
National Committee on Radiation Protection (NCRP), which was formed in 
1929. The two groups have substantial overlapping of membership on their sub- 
committees which, in turn, are formed along similar lines. In fact, a part of 
the present international recommendations on radiological protection follows the 
pattern set by the NCRP. 

The 1934 recommendations on permissible exposures were based mainly on the 
possible harm to the individual working with X-rays. Virtually no thought was 
given to possible genetic effects. However, as a result of the intensified study of 
this question during the Manhattan district days, and new evidence which indl- 
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cated the possibility of both genetic effects and long-range effects on the indi- 
vidual, a review of these questions was made by both the national and interna- 
tional commissions. In 1948, the NCRP recommended that the permissible levels 
of radiation exposure be reduced by a factor of about two. Thus the permissible 
exposure of 0.1 roentgen per day was lowered to 0.3 roentgen per week. The 
same basic figure was subsequently adopted by the ICRP in 1950. 

Since 1950 it has become increasingly clear that larger fractions of the popu- 
lation will be exposed to radiation from both medical and atomic-energy sources, 
It therefore, became paramount to reassess the whole protection problem, and to 
take into account the newer evidence on possible long-range genetic effects and 
possible shortening of individual lifespan due to radiation exposure. The ICRP 
took up these problems at Stockholm in 1952, and its latest recommendations 
again provide for a lowering of the permissible exposure. 

It is proposed that a lowering be achieved without changing the basic level 
of 0.3 roentgen per week. If this maximum level were maintained indefinitely, 
it would mean an exposure of about 15 roentgens a year, or between 400 and 600 
roentgens per working lifetime. The commission has agreed that exposure of 
a substantial fraction of the population to this much radiation is undesirable. 
Accordingly, while adhering to the permissible exposure of 0.3 roentgen per week, 
the latest recommendations of the ICRP state that it is inadvisable for an indi- 
vidual to receive more than 50 roentgens up to his age of 30, 100 roentgens up to 
age 40, and 200 roentgens up to age 60. This means that individuals who are ex- 
posed to radiation at the maximum level will be allowed to work only one-third 
of the time. In effect, the normal daily working level is reduced by a factor of 
about 3. 

This will not be as difficult to carry out as might at first appear, since most of 
the large atomic energy and other radiation establishments in this country are 
already operating at exposure levels considerably below even the new reduced 
amount. It is rare for workers, even today, to be exposed to more than about 
one-fifth of the present permissible amount. 

The new recommendations will, however, introduce a penalty on those instal- 
lations that insist upon exposing their workers to the maximum permissible 
weekly amount. Under the new rules, such workers may be exposed to this 
level for only one-third of their working time, the penalty thus taking the form 
of intermittent and hence uneconomic use of personnel. The inducement will 
therefore, be strong for such installations to improve their protection facilities 
to the point where the maximum radiation exposure will not exceed the newly 
recommended average levels. 


NBS PARTICIPATION IN THE MEETINGS 


The participation of the National Bureau of Standards in the interna- 
tional protection program dates from 1928, the year in which the ICRP was 
formed. Since then, the Bureau’s radiation research program bas grown steadily 
in variety and scope. It now includes the gathering of basic radiation data 
with the 50-million-volt betatron and 180-million-volt synchrotron, theoretical 
studies on radiation, penetration, and diffusion, development of instruments, 
for detecting and measuring radiation, and publication of handbooks on meth- 
ods of safe handling of X-rays and radioactive nuclides. An accelerated pro- 
gram also has been started on the study of protection against neutrons. 

The Bureau’s participation, together with other representatives from the 
United States in the work of the two international commissions was markedly 
increased as a result of the recent meetings. In the case of the Bureau, this 
appears not only in its preparation of a portable X-ray standard, but in the parts 
assigned to the following NBS staff members in the work of the commissions. 
L. 8S. Taylor, chief of the NBS division of atomic and radiation physics, was re- 
nominated for an additional 3-year term as chairman of the ICRU and as a 
member of the ICRP, H. O. Wykoff, chief of the radiation physics laboratory, 
continues as member of the ICRP committee on protection against X-rays gen- 
erated by voltages up to 3 million volts. He has for several years been chairman 
of the corresponding subcommittee of the NCRP. Dr. Wykoff was also nomi- 
nated as a member of the ICRU and chairman of its committee on standards and 
measurements of radiological exposure. 

W. B. Mann, chief of the radioactivity laboratory, was nominated cochairman 
of the ICRU committee on standards and measurement of radioactivity. H. F. 
Attix, member of the X-ray laboratory staff, was named to the ICRU commit- 
tee on standards and measurement of absorbed dose. Mrs. S. Raskin, staff 
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member of the radiation physics laboratory, attended the meetings as technical 
secretary to the chairman. H. W. Koch, chief of the betatron laboratory, con- 
tinues on the IORP committee on protection against X-rays above 3 million volts, 
beta rays, gamma rays, and heavy particles, including neutrons and protons. 
S. W. Smith, chief of the radiological equipment laboratory, was nominated as a 
new member of the ICRU committee on standards and methods of measurements 
of characteristic data of radiological equipment and materials used in diag- 
nostic and therapeutic radiology. 





Exuisit 5. Compres Renpus, Paces 3134-37, June 1956 


(Translation from French) 


Radiobiology :* An indispensable reduction of the tolerated dosage 
recommended by the International Commission for Radiological Pro- 
tection, Note by M. Pierre-Octave Robert, presented by M. Jacques 
Trefouél. 

The recommended tolerance dosage; 1. e., maximum permissible 
concentration (suggested) by the 1953 Congress amounts to a cumu- 
lative annual dosage of 15 roentgens and to a cumulative dosage of 
450 roentgens. 

The annual dosage is a dosage which would be genetically danger- 
ous in 30 years; the 30-year dosage would be 50 percent fatal (if 
absorbed in 24 hours) and in 30 years would cause a shortening of 
life by 3 to 8 years. 


At a time when France and the entire world will see a considerable increase 
in the number of nuclear centers, the personnel pretection problem becomes one 
of the greatest importance. 

A. Maximum permissible concentration: 

(a) The maximum permissible concentration formerly allowed was 0.1 
roentgen per working day.’ 

(b) At the London Congress of 1950 and the Copenhagen Congress of 
1953 the International Commission for Radiological Protection reduced 
the maximum permissible tolerance to 0.3 roentgen per week in the open air, 
or to 0.06 roentgen per working day. 

B. The cumulative annual dose and the cumulative annual dosage for a gener- 
ation of 30 years. 

We shall determine these dosages—assuming that the tolerated dosage is 
reached every day. 

We recognize that in nuclear study centers, that this tolerated dosage is only 
rarely reached, although it may be accidentally exceeded. 

On the other hand, however, in the neighborhood of atomic piles and experi- 
mental nuclear reactors, one must consider the personnel who control the opera- 
tions; the chemists and physicians who do the work can be exposed daily to a 
dosage which they incorrectly believe to be a safe dosage. 

This is why we have felt it necessary to draw up the following table: 


Cumulative dosage 


per year of for 30 years 
ST, 
daily weekly 50 . ‘eks 48 weeks 40 weeks 50 weeks 48 weeks 40 weeks 
0.06r 0.3r 15r 14.4r 12r 450r 432r 360r 


C. What do these cumulative dosages represent? 

1. The cumulative dosage in 30 years, on the order of 400 roentgens, repre- 
sents a dosage which would be 50 percent fatal if it were absorbed in 24 
hours in a spot contaminated by an atomic bomb. The same cumulative dosage 
over 40 years represents a 100 percent mortal dosage under the same conditions. 

2. For comparative purposes, we may say that for a period of 30 years the 
natural sources—the soil and cosmic radiation—supply a cumulative dosage of 3 
roentgens at sea level. By way of exception, the inhabitants of Tibet, where 
the cosmic radiation is more intense, absorb a cumulative dosage of 5 roentgens 
per 30-year generation. 


From Académie des Sciences, séance du 25 uin 1956, pp. 8184-8187. 
*“r’’ concerns a quantity of X-rays or gamma rays; or general radiation (X, ya Bp 
neutrons) “rem” is used. 
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8. Comparison with experimental explosions of atomic bombs. The United 
States Atomic Energy Commission has established that the total quantity of 
radiation absorbed by Americans from all atomic explosions was—on February 
15, 1955—0.1 roentgen, this for a total of 50 bombs exploded over a 4-year period. 
Finally, we may state that if atomic tests were to continue for another 30 years 
at the same rate, an average American would absorb approximately 0.75 roentgen 
in addition. What does this 0.75 roentgen represent in comparison with 400 
roentgen of accumulated tolerance, 

D. The genetic effects. 

Several English and American documents give accounts of the work of Dr. 
H. J. Muller, a prominent geneticist, who believes that a doubling of the mutation 
rate of genes from generation to generation might bring about disastrous results. 
Dr. H. J. Muller believes that the received dosage must be limited to a quarter 
of the dosage which doubles the mutation rate. The AEC laboratory at Oak 
Ridge has determined the doubling dosage for mice. Experiments carried out 
lead to the conclusion that this dosage is 50 roentgens. 

Extrapolating for human beings was believed possible, despite the uncertain- 
ties which this extrapolation causes by the fact of variations from one genus to 
another. Dr. H. J. Muller thus arrives at a maximum dosage per generation of 
12.5 roentgens. This dosage is exactly the size of the dosage which would be 
absorbed in a year by a worker who absorbs the maximum permissible concen- 
tration daily. What would be the effects at the end of 30 years? 

E. Effects on longevity. 

It is certain that estimates of this sort can only be rather indefinite, as they 
are based on rather controversial statistical methods. 

Statistical studies based on mortality estimates (due to all possible causes) 
have been carried out by Dr. Hardin Jones and Dr. K. Z. Morgan at Berkeley 
and Oak Ridge, respectively; in one case for an exposed population, and in the 
other for an unexposed population. They give results which agree very nearly 
on a factor of 2. 

The result of this estimate is that if the dosage of radioactivity is given uni- 
formly over a long period, that the expected length of life is shortened in the 
first case by 3 days per roentgen and in the other by 6 days per roentgen. 

By elementary calculations, one can obtain—from a figure of 450 roentgens for 
the cumulative dosage for 30 years—a shortening from 1,350 to 2,700 days, and 
for the dosage of 360 roentgens a shortening of from 1,080 to 2,160 days, hence 
a definite shortening of life by 3 to 8 years from the dosages cited above (ex- 
actly 2.97 and 7.5 years—the uncertainty of the base figures has led us to round 
off to 3 years and § years). 

We may note that these figures are relative to a very weak dosage of radi- 
ation such as those produced by experimental explosions. 

The mortality percentage increases much faster than the dosage. 


CONCLUSION 


The maximum permissible concentration figuring in the recommendations of 
the International Commission for Radiological Protection is much too large, 
and it may represent, for personnel working permanently in nuclear centers and 
nuclear study centers, a serious danger. 

It is certainly such possibilities as this which have caused the Harwell Study 
Center to take protective measures which limit the dosages received by workers 
at the center to 0.25 roentgens annually, a dosage which—as Sir John Cock- 
roft states—is one-sixtieth of the internationally permitted concentration. 

Our standpoint seems to be well justified, for at the last meeting of the In- 
ternational Commission for Radiological Protection at Geneva, the following 
suggestions were made: 

A. For workers: 

1. That the weekly dosage of 0.3 roentgen remain unchanged. 

2. Protection services must see to it that the cumulative dosage does not ex- 
ceed 5 roentgens annually. 

B. For the population: 

Here a more prudent position has been taken; the dosage has been reduced by 
one-tenth or 0.03 roentgen. 

It is felt that this security factor is sufficient for sparse populations near 
(nuclear) centers. 

For greater population densities, the dosage may be reduced to 0.2 or 0.3 
roentgen annually. 
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Finally, the greatest preoccupation, of course, is for the consequences for the 
mass of the population. 


Nevertheless, we believe that the dangers which threaten researchers cannot 
be neglected. 

These projects cannot be discussed except at the forthcoming Mexican Con- 
gress, on July 25 next, and even this is not certain, considering the lively dis- 
cussions which took place at Geneva. 

A reduction of the annual maximum permissible tolerance appears indispensa- 
ble and a decision in this sense must be energetically pursued. 


Exnisir 6. Report or Meetine oF ICRP, GENEVA 1956, Starr TALK at NBS, 
JUNE 1956 


(Transcription of the tape recording of talk given to the Atomic and Radiation 
Physics Division staff by L. S. Taylor on June 1, 1956. This is an unedited 
discussion and is not for publication) 


This is a brief review of some meetings which took place in Geneva last month 
and attended by a number of the members of our staff. These were the meetings 
of the International Commission on Radiological Protection, and the Interna- 
tional Commission on Radiological Units and a meeting with a few members 
from each of the two Commissions with the World Health Organization. 

The International Units Commission was established under the auspices of 
the First International Congress of Radiology, 1925. The Commission has been 
responsible for the development of the units used in radiation measurement. 
It also deals with problems of radiation measurement and standardization. 

The Protection Commission was formed under the same auspices in 1928, 
and has been in continual operation ever since. I think it could be said quite 
properly that the Internatioanl Protection Commission has been responsible for 
the setting of the permissible exposure levels that have been used over the 
world, for some time now of the order of 25 or 30 years. The problem of pro- 
tection, of course, is becoming more and more complicated as time goes on and 
I will review briefly a little of the background leading up to some changes that 
have been introduced by the International Commission meeting this past April. 

The first specific permissible exposure levels were set by the ICRP in 1934, 
and at that time the level was given as two-tenths roentgen per day, whole body 
exposure. In the United States in about 1935 we lowered the level to one-tenth 
roentgen per day. Then in 1947 the National Committee on Radiation Protec- 
tion which is the responsible body in this country for the establishment of safe 
working levels for radiation, reviewed a good deal of information that had 
become available during the Manhattan District days and again lowered the 
permissible exposure to three-tenths of a roentgen (or three-tenths of a rem) 
per week. In 1950, the general principles of this lowered permissible exposure 
were adopted by the International Commission and in 1953, recommendations 
Similar to those of the United States national committee were reaffirmed and 
considerably extended. 

The basie philosophy regarding radiation protection for individuals remains 
essentially the same with one important modification resulting from our 1953 
meetings. This new modification has been discussed at some length for several 
years by the International Committee as well as the NCRP in this country, but 
was never put forward actively because here we have felt for some time that 
there has not been sufficiently definitive data leading to a quantitative lowering 
of the permissible exposure levels. Now, there are various factors that enter 
into the philosophy of permissible exposure or permissible dose. One is the 
question of detectable injury to the individual, and it has been this primary 
characteristic that has formed the basis for permissible exposure levels under 
occupational conditions. The present permissible occupational exposure of three- 
tenths rem per week is based primarily on consideration of a level which will 
not produce detectable injury to an individual during his lifetime. 

Now, there has been nothing very much said in the setting of these levels 
about other problems such as genetic effects. They have, nevertheless, been 
considered—not simply passed by. Another problem that is basic to the ques- 
tion of permissible exposure is the short- or long-range genetic effects and I 
will return to these in a moment. There is also the question of the shortening 
of the life span. All of these questions have been considered at considerable 
Jength by the National Committee on Radiation Protection in this ceuntry as 
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well as by the International Commission. I will not go into any great detail on 
the genetic problem because I have a brief discussion on that at one of our staff 
meetings here just before we went to the Geneva meeting. I will, however, 
remind you that any radiation exposure of the genetic reproductive system will 
produce irreversible damage, and this can be passed on from one generation to 
another. Most of the experience in this field is based on animal experiments; 
there is very little information on man although some is gradually coming out 
of the Hiroshima-Nagasaki studies that are being made. There is very little 
doubt as to the basic fact that genetic damage is irreversible but I should like 
to emphasize that any quantitative information on man is extremely scant and 
nebulous. The really important factor in genetic damage is not so much the 
single individual as the whole population. The thing that really counts is the 
amount of radiation that is absorbed by the whole population or at least that 
part of the population which one expects normal crossbreeding. 

Now, in 1952, the International Committee met in Stockholm for the primary 
purpose of discussing the genetic aspects of radiation exposure. There were 
several geneticists, among other people, there and at this time we considered 
the problem of exposure of whole population groups. At that time the esti- 
mates for exposures per individual, averaged over the whole population, ranged 
from 3 to 20 roentgens. There was one school of geneticists that set 3 and one 
that set 20 and there were some others in between. This appeared to represent 
to some extent the split of uncertainty among the geneticists themselves. In 
any case, Suppose you were to take a value of 10 roentgens per person averaged 
over the whole population. This would mean you would sum up the total radia- 
tion exposure of the whole population, divide it by the number in the population ; 
if this exceeded 10 roentgens, the geneticists believed we would have an unac- 
ceptable amount of genetic injury. At the Stockholm meeting in 1952, it was 
agreed that the present rates of exposure that we were working with were 
acceptable and the problem was not critical. This was reaffirmed with some 
minor reservations at our meetings last April. It was also recognized that with 
problems of fallout, widespread expansion of nuclear power, waste disposal, etc., 
time might begin to run out on us before too long. In spite of this, the Inter- 
national Commission felt that we would not be justified in setting a permissible 
average exposure level per person for the whole population. 

In the last few years, there has been increasing evidence regarding the effect 
of radiation exposure on the expected life span of individuals. This was also 
considered in 1952 in Stockholm and again in 1956 in Geneva but again it was 
felt that the information for the most part was quite limited and did not 
provide grounds for a quantitative lowering or limitation of the permissible 
exposure levels. As a matter of fact, there is very little or maybe no serious 
effect of such radiation exposure with regard to life span insofar as small ex- 
posures to small areas of the body are concerned. For example, heavy over- 
exposure of the hand is not going to have any serious effect on life span. On 
the other hand, where you expose the whole body to radiation some effect on the 
life span may be expected—a lowering of the life span. This type of effect is 
not very well understood, and it is not cumulative in the ordinary sense of 
genetic effects. I think the general belief is that radiation exposure somehow 
or other prematurely ages or makes one a little bit more susceptible to disease. 
These things of course, all contribute to an average shortening of life span. 

It is rather interesting that there is actually some evidence that for very 
small dose rates to the whole body there might be some lengthening of the life 
span. This is, of course, based on animal experiments. However, I certainly 
would not recommend people living in a light atmosphere of radiation in the 
hope of living longer. Also, the effect of radiation with regard to life span is 
much greater for rather large, acute doses as compared with small chronic doses. 
Some of the best information on this question has been obtained from a study of 
leukemia among radiologists. It has been found that in comparing physicians 
who are radiologists and physicians who are carrying on normal medical prac- 
tice, there is roughly a 10 percent shortening of the life span over the number 
of people who have been examined. This has to be treated very carefully, how- 
ever, because the people who have been examined are the older radiologists; the 
younger ones are still living so you can’t tell anything about their life span. The 
other radiologists have undoubtedly been exposed to many, many, many times 
the quantity of radiation that we feel is safe today and consequently this 10 
percent figure as related to our present allowable exposures might have little 
significance. It has been agreed by the National Committee and by the Inter- 
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national Committee that the evidence is not sufficiently conclusive in this respect 
to warrant a quantitative lowering of the permissible exposure. 

In spite of this lack of quantitative evidence, the problem was very seriously 
considered again with regard to making some lowering of the permissible ex- 
posure. I must say that I feel that the commission bowed a little bit to public 
clamor. There is an enormous amount of public pressure with regard to radi- 
ation exposure and I almost have the feeling that this limitation, which I will 
come to in a few minutes, may be regarded in some measure as slightly political. 
I don’t mean political in the Government political sense, but political in the 
sense of being a good policy even though the foundation for it is moderately 
limited. Now in this whole problem of deciding upon a permissible radiation 
exposure level, we have to consider the sources of radiation. For example, at 
the present time, we have the fallout problem. This is one that is very much 
in people’s minds. It was decided in a discussion of this that the increased 
radiation exposure to the population, as a whole, from fallout from tests made 
in this country and Russia is probably insignificant at the present time. This 
does not mean that it might net become significant later but certainly at the 
present time it is not to be seriously worried about in comparison with other 
exposures. 

We then have occupational exposure in industry. By and large this is well- 
controlled exposure. The industries are very keen to insure that their working 
people are not overexposed and here we have a rather good radiation control 
program on the whole. Most of the large atomic energy plants, large industrial 
plants, and our own laboratory here already operate and have for many years 
operated at levels that are very much below the permissible level which we 
recommend as being safe. This problem may become more critical with the 
more widespread development of nuclear power. 

A great deal depends on how we solve some of our waste problems and some 
of our normal exposure problems. As I mentioned a couple of months ago, I feel 
rather strongly that one of the serious limitations in the development of nuclear 
power will probably have to do with the efficiency with which we can control 
the radioactive waste disposal. 

In the medical field we have another large source of radiation exposure. In 
some respects, this may be regarded as more critical than the others and in 
large areas much less well controlled, certainly, than in industry. This, how- 
ever, varies. For example, in this country at the present time, we have about 
3,000 radiologists using X-ray equipment and by and large these persons use 
X-rays with a reasonable degree of intelligence. They have some knowledge as 
to how much radiation they are using and they know something about protec- 
tion so that we do not have to worry too much about the radiologists. On the 
other hand, we have another group including general practitioners, of which 
there about 15,000, using X-rays in this country. These people have very little 
knowledge about radiation protection and radiation dosage and in addition most 
of the working conditions that they have to live with are such as to militate 
against good protection practice. Even more serious than this is about an equal 
number totaling some 15,000, I believe, of osteopaths and chiropractors who are 
using radiation equipment. They very probably know substantially less about 
the problem than the general practitioner. Last but not least there are about 
65,000 dentists who are using X-rays. It is possible for all of these people to 
provide adequate protection for themselves and for their patients just by apply- 
ing principles that are already well known and adequately covered in recommen- 
dations in either the National Committee on Radiation Protection in this coun- 
try or the International Commission over the world. 

There has been a lot of difficulty in some local areas because people have 
learned about the effect of radiation exposure on life span. I have received 
several letters indicating that people are refusing to have dental examinations 
made because it exposes them sufficiently to shorten their life span by say 1 
week. This is probably pretty silly but it does indicate something of what is 
happening in the public mind. In the first place, even an unreasonably large 
dental exposure is for the most part pretty well limited to the head. It is 
very different, as far as life span is concerned, from a whole body exposure. It 
is true the whole body gets some exposure but it is quite small. One would 
wonder as to whether we should be more concerned about a nebulous week’s 
extension of one’s life, on the one hand, or dying of some kind of an infection, 
on the other hand. In any case, there is a great deal to be done in the way of 
improving protection in these fields. 
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So much for the backbround and the need with regard to protection. I will 
come next to the primary change that was made in the protection recommenda- 
tions in Geneva. 

As I have mentioned, and I assume most of you know, the present basic 
level of exposure for the whole body is 3/10 rem per week for both internal 
and external exposure. This weekly limit has not been changed. As far as the 
individual is concerned, this is still regarded as a completely safe exposure. 
On the other hand, we have recognized to some degree these other effects, 
namely genetic effects and shortening of life span. As a result we have put a 
further limitation on this weekly exposure. Now if you allow the 3/10 rem 
per week, this would be equal to roughly 15 rems per year. If you consider that 
a person is going to work from age 20 to age 60, or 40 years, this would add up 
to something of the order of 600 rems for 40 years. If people actually worked 
to this level for a whole body exposure, there is no doubt, or very little doubt, 
that there might be some effect, however difficult to ascertain, on their life span. 
Certainly, if anything approaching this amount of radiation were received by the 
gonads during the reproductive period of a person’s life, this would mean a very 
large exposure as far as genetics are concerned. To provide some further con- 
trol on exposure we left the basie weekly figure the same but added a decade 
limitation such that up to age 30 we will allow a total exposure of 50 rems; up to 
age 40, 100 rems; and up to age 60, 200 rems. 

The new figures of 200 rems compares with 600 rems at present so that insofar 
as continued exposure to radiation is concerned, we have in effect lowered the 
exposure limit by a factor of 3. Thus if someone wants to work at the full 
level of three-tenths rem per week, but not indefinitely, no harm is likely to 
result to him personally and not too much to his progeny. But he can only do 
this for a third of his working lifetime. If a person is employed continually in 
radiation work, this essentially means that the shielding has be so designed 
as to provide 3 times as much protection as we have been accustomed to using 
up to the present time. Thus while our basic level remains the same, in effect 
i this amounts to a reducing of the working level by a factor of 3. 

This is at best a lumping together of a lot of fairly uncertain factors and 
finally coming out with about as well-educated a guess as we know how to make. 
In some place or other, you certainly have to draw a line between no radiation 
exposure at all, which is what the geneticists would prefer, and \hat is reason- 
able and compatible with the advantages of radiation. These new limits will 
not, as far as we know, have any serious effect on our atomic energy industry. i 
: As far as we know, the atomic energy plants in this country are already operat- 
ing at levels that are at least this low and in many cases lower. The principle 
bind may be in some of the industrial operations where management has, for | 
the sake of economy, provided the minimum protection to stay within the law 
as it were. It will also probably crowd some of the medical setups. 

Another problem that was discussed at some length by the National Committee 
and the International commission numerous times in the past, has to do with a 
setting up of a national or international registry of radiation exposure. In | 
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theory this looks like a nice idea. From the straight scientific point of view, a 
good registry of radiation exposure would have an enormous value in providing 
us later on with information on some of the long-range effects we are interested 
in. It was discussed again in great detail in Geneva and finally it was decided 
that for practical reasons it just could not be recommended. I might point out 
that in some countries like England, New Zealand, and Sweden, they have systems 
there which might make it possible to set up a registry of radiation exposure. 
Probably New Zealand and Sweden are the two closest to this because they 
already have some degree of governmental control over the use of all radiation 
equipment. However, in a country of this size, the task seems almost im- 
possibly large. 

Also, there is another difficulty certainly at the present time and probably 
until we have some strict control over radiation usage. One of the important 
sources of radiation exposure is that applied by general practitioners. Here we 
cannot expect for many, many years, at best, to have any really good idea of what 
exposures these people are using. They do not know themselves. They have no 
techniques by which you can really estimate the exposure given in a GI exami- 
nation. The exposure might be 10r for a good operator; it might be 200r 
for a careless operator, and as long as you have information that is sloppy at 
source, there is no use in setting up a careful system for recording it. 

In the matter of permissible concentrations of radioactice materials in air, 
the body, and water, the International Commission set up a substantial list of 
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about a hundred in 1953. To this there will be added about 70 more radio 
nuclides for which we now can give some reasonably good information on per- 
missible concentrations. The new levels for the International Commission will 
be the same as those that have already been tentatively adopted by the National 
Committee in this country. For internal exposure, the base figure of three- 
tenths rem per week remains the same, for individual organs. There are, how- 
ever, some special conditions for which lower exposure levels have been recom- 
mended. For example, where the genetic system constitutes the critical organ. 
for a particular isotope or group of isotopes, the permissible exposure level 
will be one-tenth rem per week, or a third of the present value. If the whole 
body is the critical organ for internal emitters, it will also be one-tenth rem 
per week. The body burdens of radioactive materials are stili based on the 
figure we have used for many years, namely, an accumulation of one microgram 
of radium in the body. 

With regard to the International Commission, the membership has remained 
about the same; there were two new people added to the Main Commission. 
The subcommittees have remained about the same although there have been a 
few people added to those. Incidentally, a Russian was added to the membership 
of one of the committees operating under the Main International Commission. 
There has been a new committee set up to deal with problems of waste disposal. 
This is under the chairmanship of Dr. Straub, a member of the Public Health 
Service who until recently has been working at Oak Ridge. 

With regard to our own relationships with the protection program, I have 
been continued as a member of the Main Commission. Wyckoff continues as a 
member of the X-Ray Protection Subcommittee, and Koch continues as a member 
of the High Energy Particles Subcommittee. 


(Mr. Taylor’s statement—continued.) 


One of the recommendations made by the International Commission on Radi- 
ological Protection in 1956 was the dose limitation for occupational workers of 
50 rems up to age 30, and 50 rems per decade thereafter. This averages to about 
5 rems per year, but in plant operations and design, strict adherence to a 5-rems- 
per-year average is extremely difficult. In addition there was the fear that this 
yearly average figure might be enacted into law and for this reason the NCRP 
sought an interpretation that would allow more latitude in this use. 

A suitable means for accomplishing this appeared to be the establishment of 
a permissible occupational exposure based on a total accumulated dose in rela- 
tion to the age of an individual. 


EXxuipit 7. NATIONAL BUREAU OF STANDARDS TECHNICAL NEWS BULLETIN, MAXI- 


MUM PERMISSIBLE EXPOSURES OF RADIATION TO MAN, VOLUME 41, PaGes 17-19, 
FEBRUARY 1957 


MAXIMUM PERMISSIBLE RADIATION EXPOSURES TO MAN 


A PRELIMINARY STATEMENT OF THE NATIONAL COMMITTEE ON RADIATION AND 
MEASUREMENT 


The accompanying preliminary statement of the National Committee on 
Radiation Protection and Measurement (NCRP) presents in brief form the 
essential changes introduced by its new recommendations on the safe limits of 
radiation exposure. In making the new recommendations, the Committee 
reviewed its past recommendations in the light of increased knowledge about 
the long-range effects of radiation exposure on the genetic makeup and life 
expectancy of man. 

The NCRP, an advisory group of experts in various phases of the radiation 
field, is sponsored by the National Bureau of Standards. The Committee is 
made up of representatives from the following organizations: American College 
of Radiology, American Dental Association, American Industrial Hygiene Asso- 
ciation, American Medical Association, American Radium Society, American 
Roentgen Ray Society, International Association of Government Labor Officials, 
National Bureau of Standards, National Electrical Manufacturers Association, 
Radiological Society of North America, United States Air Force, United States 
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Army, United States Atomic Energy Commission, United States Navy, and 
United States Public Health Service. The reports of the Committee are pub- 
lished in the NBS Handbook series. 

Because the new recommendations of the NCRP will affect material contained 
in many of its handbooks, revisions of the latter will be undertaken at an early 
date. Until these revisions are completed and ready for publication, an effort 
will be made to prepare for each handbook a simplified statement of the changes 
needed to comply with the new recommendations. These summary statements 
will be released to the technical journals for publication as they are completed, 
and will be used with the handbooks now in stock. The full and detailed 
. changes will be incorporated in the revised editions of the handbooks. 

Since the publication of NBS Handbook 59 on Permissible Dose From Ex- 
ternal Sources of Ionizing Radiation, the National Committee on Radiation Pro- 
tection and Measurement (NCRP) has continued the study and review of its 
recommendations,’ particularly with respect to genetic effects and the possible 
shortening of average life expectancy due to radiation exposure of a larger frac- 
tion of the population. The NCRP proposals resulting from these studies had 
an important influence on the decisions reached by the International Commis- 
sion on Radiological Protection (ICRP) in Geneva in April 1956,? which resulted 
in a general lowering of the maximum permissible accumulated dose (MPD for 
occupational radiation exposures, as well as for exposures of the population | 
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as a whole. These changes are in accord with the informal agreements reached 

by the ICRP in Stockholm in 1952. 
The NCRP has now agreed upon the formulation of revised recommendations 

on maximum permissible doses which integrate the national and international 

views for practical application. The Committee is pleased to note that the 

| findings of the ICRP are reinforced by the important information and data pro- 

vided in the subsequent reports of the National Academy of Sciences and the 

British Medical Research Council. 
The changes in the accumulated MPD are not the results of positive evidence 


: of damage due to use of the earlier permissible dose levels, but rather are based 
on the desire to bring the MPD into accord with the trends of scientific opinions ; 
it is recognized that there are still many uncertainties in the available data and 
information. Consideration has also been given to the probability of a large 

future increase in radiation uses. In spite of the trends, it is believed that the 

| risk involved in delaying the activation of these recommendations is very small, 
| if not negligible. Conditions in existing installations should be modified to meet 

‘ the new recommendations as soon as practicable, and the new MPD limits should 
be used in the design and planning of future apparatus and installations. Be- 
cause of the impact of these changes and the time required to modify existing 
equipment and installations, it is recommended on the basis of present knowledge 
that a conversion period of not more than 5 years be adopted, within which 
time all necessary modifications should be completed. 


DEFINITIONS 


For the purposes of this preliminary statement, the following tentative defi- 
nitions are given: 

Controlled area.—A defined area in which the occupational exposure of per- 
sonnel to radiation or to radioactive material is under the supervision of a radia- 


1 The recommendations of the NCRP are regularly published in the NBS Handbook series, 
copies of which may be purchased from the Superintendent of Documents, Government 
Printing Office, Washington 25, D. C. The following handbooks containing NCRP recom- 
mendations are currently available at the indicated prices per copy: H42, Safe Handling 
of Radioactive Isotopes, 20 cents; H48, Control and Removal of Radioactive Contamina- 
tion in Laboratories, 15 cents: H49, Recomemndations for Waste Disposal of Phosphorus 
32 and Iodine 131 for Medical Users, 15 Cents; H51, Radiological Monitoring Methods and 
Instruments, 20 cents ; H52, Maximum Permissible Amounts of Radioisotopes in the Human 
Body and Maximum Permissible Concentrations in Air and Water, 25 cents; H53, Recom- 
mendations for the Disposal of Carbon 14 Wastes, 15 cents; H54, Protection Against Radia- 
tions From Radium, Cobalt 60, and Cesium 137 (revision of H23), 25 cents; H55, Protee- 
tion Against Betatron-Synchrotron Radiations up to 100 Million Electron Volts, 25 cents ; 
H56, Safe Handling of Cadavers Containing Radioactive Isotopes, 15 cents; H58, Radio- 
active-Waste Disposal in the Ocean, 20 cents; H59, Permissible Dose From External 
Sources of Ionizing Radiation, 30 cents ; H60, X-ray Protection (revision of H41), 20 cents; 
H61, Regulation of Radiation Exposure by Legislative Means, 25 cents. 


“a Meetings on radiation units and protection, NBS Tech. News Bul. 40, 102 (July 
v6). 
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tion safety officer. (This implies that a controlled area is one that requires 
control of access, occupancy, and working conditions for radiation protection 
purposes. 

Workload.—The output of a radiation machine or a radioactive source inte- 
grated over a suitable time and expressed in appropriate units. 

Occupancy factor.—The factor by which the workload should be multiplied to 
correct for the degree or type of occupancy of the area in question. 

RBE dose—RKBE stands for relative biological effectiveness. An RBE dose is 
the dose measured in rems. (This is discussed in the forthcoming report of the 
International Commission on Radiological Units and Protection.) 


MPD RECOMMENDATIONS FOR OCCUPATIONAL CONDITIONS (CONTROLLED AREAS) 


1. Accumulated dose.-—The maximum permissible accumulated dose, in rems, at 
any age, is equal to 5 times the number of years beyond age 18, provided no 
annual increment exceeds 15 rems. Thus the accumulated MPD=5 (N—18) rems 
where N is the age and greater than 18. This applies to all critical organs except 
the skin, for which the value is double. 

2. Weekly dose.—The previous permissible weekly whole-body dose of 0.3 rem, 
and the 13-week dose of 38 rems when the weekly limit is exceeded, are still con- 
sidered to be the weekly MPD, with the above restriction for accumulated dose. 

3. Emergency dose.—An accidental or emergency dose of 25 rems to the whole 
body, occurring only once in the lifetime of the person, shall be assumed to have 
no effect on the radiation tolerance status of that person. (See National Bureau 
of Standards Handbook 59.) 

4. Medical dose.—Radiation exposures resulting from necessary medical and 
dental procedures shall be assumed to have no effect on the radiation tolerance 
status of the person concerned. 


MPD RECOMMENDATIONS FOR THE WHOLE POPULATION 


5. The maximum permissible dose to the gonads for the population of the 
United States as a whole from all sources of radiation, including medical and 
other man-made sources, and background, shall not exceed 14 million rems per 
million of population over the period from conception up to age 30, and one-third 
that amount in each decade thereafter. Averaging should be done for the 
population group in which crossbreeding may be expected. 


RECOMMENDATIONS FOR INTERNAL EMITTERS 


6. In controlled areas, the permissible radiation levels for internal emitters 
will conform to the general principles outlined above. Where the critical organ 
is the gonad or the whole body, the maximum permissible concentrations of 
radionuclides in air and water will be one-third the values heretofore specified 
for radiation workers. Where single organs other than the gonads are regarded 
as the critical organ, the present maximum permissible concentrations will con- 
tinue. For individuals outside of controlled areas, the maximum permissible 
concentrations should be one-tenth of those for occupational exposures. (Other 
changes in the maximum permissible concentrations for radionuclides may be 
introduced because of additional information developed since the publication 
of National Bureau of Standards Handbook 52.) 


DISCUSSION OF REVISED RECOMMENDATIONS 


7. The MPD for occupational exposure is based on the absence of detectable 
injury to the individual. It remains at its present level of 0.8 rem per week 
for the whole body. Where the dose in any week exceeds this value, a dose of 
3 rems in 13 weeks may be accepted. The 13-week period may start at the 
beginning of the calendar quarter or the beginning of the week during which 
the permissible weekly dose was exceeded. 

8. The rules given in Handbook 59 will be continued for operational and 
administrative purposes, but some of the rules will be modified by provisions 
related to an average yearly limitation of occupational exposure to external 
sources of ionizing radiation of 5 rems to the blood-forming organs, gonads, and 
lenses of the eyes, and of 10 rems to the skin. The use of “5S rems” in the 
statement of the revised rules is for the purpose of design and administration. 
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The critical limitation will be that defined for the total accumulated dose in 
paragraph 1 above. 
9. If a person’s occupational exposure is documented or otherwise known 
with reasonable certainty, he may be permitted to use his reserve exposure in 
accordance with paragraphs 1 and 2 above. Im all other cases, he shall be 
assumed to have received his maximum accumulated dose as indicated in 
paragraph 1 above. 
10. It is considered that with the current and proposed low levels of occupa- 
tional exposure, it is presently not necessary to make special allowance for 
medical exposure in conjunction with occupational exposure. This considera- 
: tion may later become important. The effects of medical exposures have long 
been considered by this committee to be the responsibility of the attending 
physician; it is his responsibility to evaluate medical radiation exposure in 
relation to the health of the individual. (See National Bureau of Standards 
Handbook 59.) 
11. In the determination of the population dose in the vicinity of radiation 
: sources, proper consideration should be given to occupancy factor and to work- 
load. The exposure of individuals outside of controlled areas may be integrated | 
i over periods up to 1 year. | 
12. While at the moment it is not feasible to determine the average exposure 
; for the population with any reasonable accuracy, the adoption of some figure is 
. necessary for planning purposes. For the immediate future, it may be assumed 
that the total integrated RBE dose received by all radiation workers will be 
| 
' 





small in comparison with the integrated RBE dose of the whole population. 
Furthermore, persons outside of controlled areas, but exposed to radiation from 
a controlled area, constitute only a small portion of the whole population. 
Therefore, if this small portion is assumed to receive yearly an average per 
capita dose of 0.5 rem, the total dose to the whole population from man-made 
radiations is not likely to exceed 10 million rems per million of population up 
to age 30. (This assumes a dose of 4 million rems per million of population 
over this age period from background radiation. ) 
' Dated: January 8, 1957. 





(Mr. Taylor’s statement continued.) 


In accordance with this idea, the NCRP now recommends that the maximum 
permissible accumulated dose in rems for occupational exposure be 5 times the 
number of years of age of an individual over 18 (age 18 being the time when 
an individual is allowed to be engaged in radiation work). This can be expressed 
by the relationship MPD = 5 (N-18) rems. The old permissible value of 0.3 rem 
per week or 15 rems per year will be continued, provided the accumulated dose 
as expressed by the formula above is not exceeded. Also the 25-rem emergency 
dose will be continued. 

The relationship of the new permissible dose levels to the older levels is illus- 
trated in the accompanying figure. (See p. 784.) The upper shaded area is 
bounded by the permissible dose relationship that existed from 1935 to 1947. 
according to this, a person would be allowed 0.1 rem per day, and accordingly 
could accumulate a dose of 600 rems by an age of approximately 38 years. 

The center shaded area indicates the accumulated dose that would have been 
received according to the standards used during the years 1947 to 1957, when the 
allowance was 0.3 rem per week. On this basis, a person could have received 
slightly over 600 rems by age 60. 

The lower region indicates the limits in accordance with the 1957 recommenda- 
tions on the basis of which a person would be allowed to receive a maximum of 
only 210 rems by age 60. 

The way in which a person may receive his occupational dose under the new 
recommendations is quite flexible. So long as his accumulation at a given age 
remains within the lower white area, he will be complying with the new recom- 
mendations. If he works well below these limits for a given period, he may 
essentially build up a reserve, and then if circumstances demand, he can accept 
an occupational exposure at the rate up to 15 rems per year so long as he stays 
under the age-prorated limitation. Furthermore, if an individual having had 
no previous radiation experience were to start work at, say, age 35, he can be 
exposed at the level of 15 rems per year for a number of years until he begins 
to approach his age-prorated limitation. By following this exposure plan, an 
individual is prevented from receiving his accumulated dose too rapidly, particu- 
larly at the younger ages where, for genetic reasons, his dose reception has greater 
significance. Typical ways of distributing this dose are indicated by the plots 
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shown in the white area. (It should be pointed out that while this white area 
is labeled “same exposure region”, we do not mean to imply that any radiation 
exposure is safe, but rather that it complies with the standards. ) 

For persons receiving nonoccupational exposure in the environs of radiation 
sources the permissible levels have been set at 0.1 of the values for occupational 
exposure. Strictly speaking, this should be an average exposure over a large 
number of individuals, because here again it does not make any difference if 
a few people receive more than the average, provided that others receive cor- 
respondingly less. This is a higher allowable figure than for the population 
as a whole, but according to present estimates it is not expected in the foresee- 
able future that more than 1 percent of the population is likely to be exposed 
to radiation at these levels. In computing the average exposures, adequate al- 
lowance should be made for occupancy factors, and factors which take into con- 
sideration the fraction of the time that the plant is emitting radiation. Making 
this type of allowance is difficult legally, as evidenced by the current AEC regu- 
lations. On the other hand, too strict a legal interpretation of this philosophy 
will cause undue hardship on the radiation industry. 

For the population as a whole, the NCRP has recommended an average ex- 
posure of 14 x 10° rems per million of population up to age 30, and one-third of 
that amount per decade thereafter. Here again it should be noted that this is 
an average figure taking into consideration a large population group, and it is 
not correct to reduce this number to an exposure for a single individual. It 
might be pointed out that the number 14 may be raised to 15. This is mainly 
for making the arithmetic easy. There is no significant difference between 14 
and 15 as far as our present knowledge is concerned. 

It may be instructive to have a rough picture of how the dose to our popula- 
tion will be distributed according to present knowledge. The following table 
shows this. 
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Exuipit 8. CuRRENT SITUATION WitH REGARD TO PERMISSIBLE RADIATION 
ExPosurRE LEVELS, AMERICAN NUCLEAR Society, DECEMBER 1956 


ADDRESS GIVEN BETORE AMERICAN NUCLEAR SOCIETY, DECEMBER 17, 1956 


Lauriston 8S. Taylor, Atomic and Radiation Physics Division, National Bureau 
of Standards, Washington, D. C. 


This discussion will deal primarily with permissible radiation exposure levels 
in relation to occupational exposure in industry. While these levels are inti- 
mately related to general population exposure levels, this phase of the problem 
will not be discussed in detail. 

For the past 25 years this country has based its permissible occupational 
exposure levels on the recommendations of the National Committee on Radiation 
Protection and the International Commission on Radiological Protection. In 
both cases the exposure levels have been based primarily on the effect of radia- 
tion exposure upon the individual. Reduced to the simplest terms, this has 
amounted to a figure of 0.3 rem per week over the period of employment. The 
current permissible weekly level is based on the premise that a whole body ex- 
posure of 0.3 rem per week for an indefinite period of time would not produce 
any detectable harmful effect on the individual. 

It should be pointed out that at the time these levels were set, extensive con- 
sideration was given to the effect of this degree of radiation exposure on our 
genetic system and upon the average expected life span of the occupational ir- 
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radiated population. Handbook 59, which set forth the proposals of permissible 
exposure from external radiation, made numerous references to the fact that 
this basic requirement for permissible exposure might have to be changed in the 
future. This is typified by the following statement, “As the applications of 
atomic energy expand and the number of exposed individuals increases, genetic 
effects will become more important. Accordingly, it may be expected that at 
some time in the not too distant future a reappraisal of the situation will be- 
come necessary. On the basis of present knowledge of the genetic effects of 
radiation, it may be predicted that any future revision of permissible doses to 
the gonads of young persons will be downward. This should be borne in mind, 
and unnecessary exposure to radiation should be avoided at all times.” Simi- 
larly, the effect of radiation on the average life expectancy was considered. The 
knowledge of a few years ago was vastly less than today, and even today the 
question is one in which there is considerable quantitative doubt. 

The present permissible exposure levels took into consideration the fact that 
only a small fraction of the population would be subjected to radiation ex- 
posures approaching the maximum permissible levels. No allowance was made 
for the fact that the great majority of radiation exposures would be consider- 
ably below the permissible levels. By neglecting this fact an additional safety 
factor was automatically introduced. It is undoubtedly estimating on the high 
side if one ventures to suggest that there may be as many as 500,000 occupational 
workers in this country. This would be about one-third of 1 percent of our popu- 
lation. Considering occupational exposure alone, in comparison with medical and 
other sources of exposure, the total exposure to this group of people would be 
regarded as genetically relatively unimportant. 

The report of the National Academy of Sciences on the genetic effects of radia- 
tion indicated that an exposure of 1,000 roentgens has produced in the radio- 
logical profession a shortening of about 5 years in the average life expectancy. 
This figure is probably as good as any that can be attained, yet it must be 
borne in mind that it is based on statistics including most of the early radiolo- 
gists, who worked under conditions of almost zero protection. Many people 
believe that the estimated figure of 1,000 r average exposure for these persons 
is in all probability low and that a more realistic figure may be of the order 
of 3,000 or 4,000 r. It will be impossible to ever determine what this exposure 
was. 

According to the present levels of 0.3 r per week or 15 r per year, a radiation 
worker could receive as much as 600 r in 40 years of working lifetime or about 
300 r up to the end of his genetically important period. There can be little 
argument that in the light of present knowledge this amount of exposure may 
be unreasonably high, yet as far as the individual is concerned, there is no 
evidence at present that exposures at these rates have caused individual de- 
tectable injury. In fact there is no evidence that the higher levels of 100 r per 
year from 1928 to 1936, or 36 r per year from 1936 to 1947, have resulted in 
detectable injuries either. Of course one must point out that average shortening 
of life expectancy might be essentially regarded as an undetermined injury. 

Even with the low levels of 0.8 rem per week in us since 1947, most atomic 
energy plants found that they could operate satisfactorily at levels ranging from 
one-third to one-tenth of this value without seriously interfering with their 
operations. It is erring on the safe side, to say that in no large atomic energy 
plants, in this country, has the average exposure per individual exceeded, or in 
even most cases approached, 0.1 r per week. 

It should also be pointed out that wher one considers the problem of radiation 
effect on life span, one thinks of whole-body exposure. In fact a substantial 
fraction of the persons receiving occupational exposures in the atomic energy, 
medical and industrial field have only small portions of their body exposed. 
Under such circumstances the effect on life expectancy is very much less. 

The National Committee on Radiation Protection in 1946, and the International 
Commission on Radiation Protection in 1950, undertook extensive studies of the 
whole question of permissible exposure and it was during this period that the 
present levels were set. In 1952 there was a special meeting of the ICRP, in 
conjunction with the Joint Committee on Radiobiology of the International 
Union of Pure and Applied Physics, for the specific purposes of studying the 
genetic effects of radiation exposure. Participating in this were a number of 
geneticists from several countries, and the basic problem before the Commission 
at that time was consideration of an average population dose to the gonads, 
during the reproductive period. The acceptable values at the time ranged 
from 3 to 20 rems over and above that due to natural and background radiation. 
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(These bracket the figure suggested by the National Academy of Sciences re- 
port in 1956.) At the time it was considered by the ICRP that the fraction of 
the population receiving radiation exposure was so small that immediate con- 
cern over the total population dose was not necessary. It is believed that many 
of the members still feel much the same way, but on the other hand there has 
been and still is clear recognition of the fact that this situation will almost 
certainly change as our radiation uses throughout the world increases. 

At meetings of the ICRP in Geneva in April of this year the genetic problem 
were again considered and a figure of amount 10 rems of manmade radiation was 
recommended as a reasonable average per capita dose for the future. It should 
be emphasized that within our present practices it is not likely that the increase 
of occupational exposure would contribute very importantly to this total ex- 
posure level. 

It has been decided by the NCRP on the basis of present evidence that the 
most important new limitation should be one relative to gonadal exposure to 
individuals during their reproductive lifetime. For this it was considered 
that the occupational exposure a dose of about 100 rems up to age 40 would 
not involve an unacceptable risk. Similarly an exposure of up to 250 rems 
by age 70 would not be regarded as unacceptable. In the case of exposure re- 
ceived beyond the reproductive age, the further influence of such exposure 
would in the main be through its effect on expected life span. Operationally, 
it would seem to be just about as easy to continue beyond age 40, the same 
permissible levels allowed below age 40. 

In these considerations it is clear that the emphasis has shifted from the 
exposure of the individual to exposure of the population. At the same time it 
has to some extent shifted from a weekly or monthly exposure level to the 
exposure accumulated over the individual’s lifetime. 


TABLE I (DISTRIBUTION OF POPULATION DOSE) (P. 818) 


In principle, permissible exposures such as I have just mentioned may be 
considered as adequate for all occupational and regulatory purposes. Unfor- 
tunately in practice this is not possible and as a result it has been necessary 
to develop a series of derived permissible exposure levels over varying periods 
of time, and in relation to the age of the individual. 

The difficulty up to now in dealing with a single number giving the indi- 
viduals total permissible lifetime exposure, is introduced because of the fact 
that the safety recommendations of a few years ago have now entered our !egal 
machinery and are now legal requirements backed up by varying degrees of 
enforcement. For the 25 years beginning with the appearance of the first 
NCRP Handbook in 1931, radiation safety control in this country was on the 
basis of recommendations backed up by voluntary compliance and good sense. 
It must be admitted that there were times when neither compliance nor good 
sense prevailed, but in the great majority of situations it did. A substantial 
number of legal cases involving overexposure to radiation, were settled one way 
or the other on the basis of NCRP handbooks without any of these handbooks 
ever being legally adopted in the form of codes or laws. 

The basic scientific aims and information regarding permissibe radiation 
exposures have been well understood for a number of years. On the other hand, 
there have been situations where the information was capable of misinterpre- 
tation by people who were inexperienced in the field. Partly as a result of this 
there has been increased tendency on the part of industry and by State and 
Federal Government to call for strict codification and the development of radia- 
tion protection rules wherein a situation is either black or white. Here begins 
our trouble. 

Let us consider as acceptable a total accumulated exposure of 250 rems over 
a period of 50 years, up to age 70. Now it is obviously impossible, with any 
means that we now know of, to measure and record this exposure for each 
individual. Therefore, the wise operator might decide to make his measure- 
ments over a period of 10 years, assuring that no employee would receive over 
50 rems over a period of 10 years. This is still impractical because we have no 
instruments that an individual can wear for 10 years to record his dose. Fur- 
thermore, there may be occasional unscrupulous employers who may allow an 
individual to receive his 10-year dose of 50 rems in 3 years and having done this 
simply fire the man because he is no longer useful in the radiation plant. 

For the purposes of design and operation, one might want to integrate the 
exposure over a shorter period of time, say 1 year, in which case the average 
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allowable amount would be 5 rems. This is also difficult to control but it is 
suspected that before too long adequate instrumentation will be obtainable such 
that this can be done within adequate accuracy limits. At least as far as. 
plant operations are concerned .the level of 5 rems per year is a much better 
figure to work with. 

The importance of limiting the exposure to individuals during their child- 
bearing age has been mentioned. For this purpose the NCRP is recommending 
a permissible exposure of approximately 60 rems up to age 30, and an additional 
50 rems up to age 40. 

Now here again it is important to assure adequate distribution of this dose 
over time. If one considers that 50 percent of the children are born to parents 
by the time they reach age 30, and 90 percent by the time they reach age 40, 
it is clearly more important to curtail exposure at the lower end of this age 
range than at the upper age range. There would be a large difference in the 
total genetic damage due to an exposure of 50 rems at age 20, as compared to the 
same exposure at age 30. At the age of 40 this exposure would only affect 
10 percent of the genes that might be expected to be transmitted. Conse- 
quently there is some wisdom in stating that for operational purposes the average 
occupational exposure of individuals should not exceed 5 rems per year. 

But even here there are difficulties. Suppose that the NCRP were to recom- 
mend 5 rems per year for the basic permissible level as compared with the 
present level of 0.3 rem per week. As soon as this figure is even mentioned 
it will find its way into various laws and regulations. Everything automatically 
becomes black or white and any individual who may be so unfortunate as to 
receive 5,001 rems in any 1 year might think he had legal grounds for seeking 
redress from his employer. This is, of course, sheer nonsense and yet it is 
difficult to develop a law in this field in which there is adequate latitude for 
such reasonableness. The NCRP has worried a great deal about this problem 
and various suggestions have heen put forward. 

Consider the cost to a plant operation if a legal limitation of 5 rems per year 
to the individual worker. Plant management would be foolish to plan their 
operations in such a way that part or all of its workers would be allowed to take 
a dose closely approaching 5 rems per year. Experience has demonstrated that 
surely 1 or 2 people are going to accidentally exceed this and even though we 
know that a slightly higher exposure is without harm the employee might seek 
redress. Because of this fear, the plant must plan its operation such that in 
general they will not exceed, say, 40 or 50 percent of the permissible exposure. 
This can be very costly and time consuming and could seriously retard the 
atomic-energy industry. 

It has also been suggested that the yearly limit be specified as 5 rems plus 
or minus 20 percent. This would certainly simplify plant planning and opera- 
tions, but I am very doubtful as to how and whether this could be dealt with 
to the satisfaction of our legal authorities. Another suggestion has been to 
specify a total exposure not exceeding 50 rems in 10 years delivered at an 
average rate not exceeding 5 rems per year. Here, again, this situation is wide 
open to abuse or difficulty in legal interpretation. For example, an employer 
eould allow an individual to receive 25 r in each of 2 years and then lay him 
off under circumstance which would make him unemployable in the radiation 
industry. Also this would be unacceptable because one should not allow an indi- 
vidual at the beginning of his reproductive age to receive this large dose. If 
he is to have a large dose, it is much better that he receive this after the con- 
ception of his last child and this, of course, changes with age. 

Another alternative is to specify the 5 rems per year average but with the 
further stipulation that no one be allowed to receive in excess of 10 rems in 
any consecutive 2 years. Even this would allow some abuse, but such a provi- 
sion would vastly simplify plant operations. For example, if an occupational 
individual received, say, 6 rems in 1 year, it would be up to the plant to insure 
that he could receive no more than 4 rems in the following year. If one decides 
on an‘ average figure of 5 rems per year, the plant will design accordingly. The 
plant will possibly go further than this, since control over a year is not always 
easy. It may well, for purposes of simplicity, make its designs so as not to 
allow the exposures to exceed 0.1 rem per week, which is one-third of the present 
maximum permissible exposure. 

All of the discussion so far has led us to one almost inescapable conclusion— 
namely, that the maximum permissible exposure levels are going to be reduced 
to one-third of what they are at the present time. One could then ask why all 
the fuss about the various exposure levels that have been discussed above? 
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Except for the exposure limitation for genetie reasons in the 20- to 40-age 
bracket, all of the levels are so low as to make it virtually impossible to make 
any distinction between dose delivered over a few months or even a few years. 

One could well ask, Why not take the basic figure of 250 rems up to age 70, 
and leave the rest of it up to the plants—or even do the same for 50 rems per 
10 years? The Gifficulty, however, is that various individuals will interpret the 
limits in various ways and, unless the permissible dose is integrated over a 
relatively short period, a given employer might use up all of the employee’s per- 
missible exposure, making it impossible for the employee to shift positions or to 
continue work in his chosen field. The various numbers mentioned above may 
be included in the new recommendations of the National Committee on Radiation 
Protection. It must be borne in mind, however, that the permissible levels that 
are expressed in terms of 1 week, 13 weeks, a year, or even 10 years, are re- 
garded as numbers to be used for design and operational purposes. There is 
nothing sacred about any of them, and yet failure to introduce such time-dose 
limitations will encourage the introduction of such a high degree of nonuniform- 
ity of permissible exposure in the radiation field as to make employment in 
radiation work unattractive. 

Where a plant or individual can provide adequate assurance that his moni- 
toring and recording methods are adequate, he should be allowed the widest 
latitude in the use of permissible-exposure levels with his employees. I do not 
know how this can be worked out legally, but I feel fairly certain that in opera- 
tions of any substantial size, it would pay the employer to have adequate meas- 
uring and recording systems and then be allowed wide latitude in his use of 
any of the various permissible levels that I have mentioned above. 

The main difficulty may occur with the small users of radiation sources where 
there is transient employment and where the cost of monitoring equipment may 
be incommensurate with the cost of his operation. For such individuals per- 
missible-exposure levels integrated over 1 week, or, at the most, 3 months, would 
in all probability be the most feasible. 

In conclusion, let us look briefly at the pattern of exposure levels that were 
agreed upon by the executive committee of the National Committee on Radia- 
tion Protection at its meetings in September and December of this year. 

The basic figure of 0.38 rem per week, together with the penalty allowance of 
8 rems per 13 weeks, presently in use will be continued. So also will be the 
allowance of 15 rems per year (allowing for 2 weeks’ vacation). 

These basic figures will, however, be subject to a further limitation to insure 
that the dose is not accumulated too rapidly, or reaches totals per individual 
that are not considered acceptable. If we allow an accumulated dose, over 50 
years, of about 250 rems up to age 70, this would amount to an average of about 
5 rems per year. 

Most of the operational problems can be solved by means of a simple formu- 
lation that implies the building up of a bank of reserve exposure that may be 
called upon as needed. The new requirement will be that at any given age of 
18 or over, an individual may be allowed to accept a dose such that his total 
accumulation will not be in excess of five times the number of years over 18. 


TABLE II (STATEMENT OF NEW RECOMMENDATIONS) (P. 818) 


Thus, at any time, a person’s exposure must equal or be less than 5 (N-18) 
where N is the person’s age. This automatically holds down the exposure at 
the younger ages where it is most critical. It gives leeway at the older ages 
where it is less critical. Thus, if a person starting work at age 18 receives only 
1 rem per year for 5 years, his total will be 5 rems, as compared with 25 rems 
permitted. He has thus banked a reserve of 20 rems. Should occasion then 
demand a larger dose, he can take up to 15 rems in the next year and still have 
a reserve of 5 rems in the bank. 

If a person starts radiation work at an older age, he will have automatically 
built up a reserve and can take larger annual doses—so long as the accumulation 
remains less than the age prorated maximum. This procedure eliminates the 
need for the present rule allowing larger exposures for persons over 45. 


CURVE ILLUSTRATING USE OF RESERVE EXPOSURE (SEE P. 784) 


For design or planning or operational purposes, plants may wish to use aver- 
age weekly, monthly, or quarterly levels and do their monitoring accordingly. 
Under the new rule this will be permitted. Where it is desired to keep monitor- 
ing and recording procedures to a minimum, it would probably be wise, in many 
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esses, to operate on a weekly or monthly basis anyway, The choice of proce- 
dure will depend largely upon the economics of any particular situation. 

Where a person’s exposure in prior employment may be unknown or undocu- 
mented, it will be presumed to have been the maximum permitted up to his par- 
ticular age. 

It might be pointed out that the levels above need not be modified by the 
acceptance of one emergency exposure of 25 rems during that person’s lifetime. 

Also it might be noted that these exposure levels are not modified by any radia- 
tion exposure received for medical reasons. On the other hand, it would be 
prudent for the employer to take any especially large medical exposures into 
consideration in the assignment of an individual to radiation work. 

The rules given in Handbook 59 will be continued but some of them will be 
modified by provisos related to a yearly limitation of 5 rems to the blood-forming 
organs, gonads and lenses of the eyes, and to a limitation of 10 rems to the skin. 

Permissible radiation levels for internal emitters will conform to the general 
principles already outlined. Where the critical organ is the gonads or the whole 
body, the maximum permissible concentrations for air and water will be one- 
third the present values specified for radiation workers. For persons living in 
the neighborhood of controlled areas, the maximum permissible concentrations 
should be further reduced by a factor of 10. Where single organs are regarded 
as the critical organ, the present concentrations may be continued. 


TasBLe I.—Mazximum permissible accumulated dose up te age 30=14,000,000 rems 
per million persons 


Reme per 





Seurce: million persons 
DEE igs anas eon amacercmeeaame ome emiee aon 4, 300. 000 
MN arc ce ee 5, 000, 000 
CI TEINS ao caso ia knerictene sence aie ea ee can eee 150, 000 
Pome, (CRVITORG.. on crcccow ee ee accel ite caterer ois aap oe ee ee 150, 000 
I in cet spksoees hic ae ea Seecesn sg eo ca ee a ee a pigeon eareee 200, 000 

I ce he ee ces ais serene cian eae cite aoe oe 9, 800, 000 
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TABLE II.—Basic whole-body marimum permissible dose (occupational) 


1. Three-tenths rems per week or 15 rems per year. 

2. Not to exceed at age N an accumulate dose of 5 (N-18) rems. 
8. One emergency exposure of 25 rems in a lifetime, 

4. MPD not modified by medical exposure. 


(Mr. Taylor’s statement—continued.) 


The standards described above apply to conditions where the whole body, the 
lens of the eye and the gonads are exposed. Where the blood-forming organs 
may be the critical organs, these may in some circumstances provide the basic 
limitation. 

The above standards apply to all kinds of radiation but here again we are 
handicapped in practical applications by lack of adequate knowledge of the RBE. 

When dealing with various sources or kinds of radiation incident upon a par- 
ticular organ, each is treated separately and the dose from each is added. 

The rate of delivery of the dose is relatively unimportant so long as we stay 
within the basic age-prorated limitation described above. 

Partial body exposures may be larger depending upon circumstances. For 
example, where only the hands and feet are exposed, the permissible dose to the 
skin may be 15 times larger than indicated by the formula above. Similarly, 
where the skin of the entire body is irradiated by low penetration radiation the 
permissible levels may be twice those given in the formula. There may be other 
such variations and other specific organs under certain conditions. 

A detailed discussion of this question is given in Handbook 59. Although this 
handbook was published several years ago most of the arguments contained in 
it still apply. A revision of the handbook is now in preparation and while this 
will contain most of the old material, it will also include revisions to take into 
consideration the new accumulated dose concept. 
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STANDARDS OF PERMISSIBLE DOSE FROM INTERNAL SOURCES OF RADIATION 


The previous discussion has indicated some of the more essential points rela- 
tive to the maximum permissible dose for external sources of radiation. For 
sources of radiation inside the body, the protection standards are related to and 
are consistent with those for external sources. Unfortunately there is relatively 
little quantitative knowledge of the exact effects of internal radiation on man 
although a great deal of information has been obtained from animal experi- 
ments. 

Much of our basis for the standards for internal dose is related to information 
obtained from the deaths several decades ago of the radium dial painters in 
New Jersey. This question will undoubtedly be discussed in greater detail by 
one of the subsequent witnesses. In the case of the radium dial painters there 
was substantial uncertainty about the kinds and quantities of material that con- 
tributed to the dose and the results might be seriously influenced by the presence 
of large fractions of mesothorium in the dial paint. Even today there is some 
uncertainty in the proper RBE to use for radium under these circumstances. In 
using this information as a basis for permissible dose the most conservative 
extremes have been used, and there is not unreasonable likelihood that our 
present permissible body burden for radium may, in fact, be unnecessarily low. 

Many isotopes tend to go to and localize in certain body organs or tissues. 
The permissible dose therefore is based on the dose to those organs (see Hand- 
book 52). Where more than one organ may be affected the most critical one is 
usually chosen. For many isotopes a different base is employed. For pure 
gamma emitters and some beta emitters the base level is chosen as an amount 
which would give the organ a dose not in excess of 0.3 rem per week. The results 
of using this base are not completely consistent with those using the radium base 
but the difference is not critical. For Sr—90 the radium base is used even though 
strontium is a beta emitter and radium primarily an alpha emitter. Allowing 
for this difference in base and the uncertainty in RBE, it is possible that the 
maximum permissible body burden for Sr-90 may be conservative by a factor as 
large as 15. It is almost certainly conservative by a factor of 5. 

Body burdens are based on the concentration in certain areas where localized 
damage may originate. In some circumstances you may have maximum body 
burdens of different isotopes in different organs where there is no interplay 
between the organ functions. At present there is relatively little knowledge 
on this. It is an area where much research and statistical study is needed. 


ExHIsItT 9. NATIONAL BUREAU OF STANDARDS HANDBOOK 52, MAXIMUM PERMISSIBLE 
AMOUNTS OF RADIOISOTOPES IN THE HUMAN Bopy AND MAXIMUM PERMISSIBLE 
CONCENTRATIONS IN AIR AND WATER, MARCH 1953 


D. FACTORS THAT DETERMINE THE HAZARDS OF RADIOISOTOPES 


The factors that determine the hazards of the various radioisotopes are as 
follows: 


1. Quantities available 


None of the radioisotopes except those occurring naturally presented problems 
until the age of high-voltage accelerators, nuclear reactors, and atomic bombs. 
From the standpoint of common use and quantity available, I-131, P-32, 
Co-60, Si-90, C-14, S—-35, Ca-45, Au-198, Ra-226, Pu-239, and uranium present 
the major problems of irradiation inside the body. 


2. Initial body retention 


Large fractions of some elements such as iodine, strontium, and sodium are 
absorbed when they are taken into the body by any of the several routes and when 
available in their common chemical forms. In the case of elements like plu- 
tonium and uranium, only a small fraction is absorbed in the gastrointestinal 
tract. Therefore, the greater retention would increase the hazards from the first 
group as against those of the second. In dealing with the inhalation of radioiso- 
topes, unless information specific to the radioisotope is available, it is assumed in 
the case of soluble compounds that 25 percent is retained in the lower respiratory 
tract. From this tract it goes to the blood stream, and a part of this goes to the 
critical organ within a few days. Fifty percent is held up in the upper respira- 
tory tract and swallowed, so a fraction of that swallowed also reaches the critical 
organ. In the case of insoluble compounds, it is assumed that 12 percent is re 
tained in the lower respiratory tract, which is usually taken as the critical organ 





: 
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when considering the inhalation of insoluble compounds. The rest is eliminated 
by exhalation and swallowing. 


3. Fraction going from blood to critical body tissue 


Some elements in the blood stream are eliminated rapidly from the body, 
whereas large fractions of others are deposited in certain body organs. 
4. Radiosensitivity of tissue 

Some body tissues are more radiosensitive than others. For example, the 
lymphatic tissue and bone marrow are much more radiosensitive than muscle or 
nerve tissue. Therefore, in equal concentrations an element like plutonium is 
more hazardous than uranium because the plutonium concentrates in the most 
sensitive part of the bone, whereas the uranium goes to other portions of the 
bone, the kidney, and various other relatively insensitive organs. 
5. Size of critical organ 

For a given number of microcuries of a radioisotope in a critical organ, it 
follows that the smaller the organ the greater the concentration and the greater 
the dose delivered to the critical tissue. Iodine presents a much greater problem 
than sodium, since iodine is very selectively absorbed in a small body organ, the 
thyroid gland, whereas sodium is rather uniformly distributed throughout the 
body. In many cases the radioisotope is deposited in a large organ but localized 
in a small portion of that organ, so that, in effect, the mass of critical tissue may 
become very small. 


6. Essentiality of the critical organ to the proper function of the body 


Some body organs are either not essential to the body function, or, when they 
are damaged or removed, special steps can be taken to supplement or compensate 
for their reduced function. It is for this reason that damage to the bone marrow, 
kidneys, eyes, etc., would represent perhaps a greater hazard than equal tissue 
damage to the thyroid gland. 


7. Biological half-life 


Some elements like radium, plutonium, and strontium are deposited in critical 
body tissue where the rate of turnover is very slow or the biological half-life is 
many years. These radioisotopes are much more hazardous than the radioiso- 
topes like carbon, sodium, and sulfur (C-14, Na-24, and S-35), which have bio- 
logical half-lives of a few days or weeks. The principal methods of elimination 
of radioisotopes from the body are by way of the urine, feces, exhalation, and 
perspiration. Usually elimination is much more rapid before the radioisotope is 
translocated from the blood to a more permanent area, such as the bone, than 
afterward. This time is usually of the order of a few days to a few weeks. 
After this initial period the elimination rate becomes more nearly exponential, 
and the application of the term “biological half-life’ has real meaning. 


8. Radioactive half-lives of intermediate length 


The mixture of U-238+ U-234+ U-235 that occurs in nature does not present 
much of a radiation hazard (if the radioactive daughter elements are removed) ; 
because with the very long, controlling half-life of U-238 of 4.5X10° years, it 
requires 1.5 10° g. of this uranium isotopic mixture to make up a curie of alpha 
activity. The maximum permissible amount of this mixture in the body (given 
in table 3, A) is 0.02 we. This corresponds to about 0.03 g., and it is unlikely 
that a person would get this much uranium in his body. If he did, it probably 
would result in a chemical hazard before the detrimental effects of radiation 
would show up. The U-233, with a half-life of 1.6210° years (100 g./curie’*), 
and Sr-90, with a half-life of 25 years (6.3x10— g./curie), are much greater 
hazards. In the case of Sr-90 in equilibrium with Y—-90 the maximum permis- 
sible amount of Sr-90 in the body is luc., or only 6.310-° g., which is about 
10— of the mass of the human body. This concentration is so small and the rate 
of elimination so low once a maximum permissible amount of S-90 in equilib- 
rium with Y-90 becomes fixed in the bone, that it is then very difficult if not 
impossible, to make accurate estimates of the amount present. Therefore, if 
there is exposure to such radioisotopes, every precaution should be taken to min- 
imize the body uptake, and urinalyses should be made frequently so that the 
amount going into the bone can be estimated from concentrations in the urine 


1 ¢/curie=7.66 X10-°Atr, in which A=atomic weight, and 7'r=radioactive half-life of the 
radioisotope in days. 
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during the early portion of the period of exposure, when the elimination rate is 
much higher. 

At the other extreme of specific activity, radioisotopes with very short half- 
lives do not present much of a hazard unless the exposure is maintained by con- 
tinuous uptake, since the activity of such radioisotopes when deposited in the 
body soon decays to an insignificant level. As a rule-of-thumb one can remem- 
ber that the activity is reduced to less than 1 percent after 7 half-lives (2-"= 
0.008=0.8 percent). Examples of these short-lived radioisotopes are P-32, with 
a half-life of 14.8 days (3.5x10-* g./curie), and N-16, with a half-life of 7.35 sec. 
(10- g./eurie). In general, radioisotopes with intermediate radioactive half- 
lives of about 5 to 50 years present the greatest hazards, other factors being 
equal and the danger diminishes for radioisotopes with greater or smaller radio- 
active half-lives. The most important period of exposure to laboratory person- 
nel is from the age of 20 to 45, because very few younger persons are employed 
by laboratories that handle radioisotopes, as they are not frequently subject 
to large internal doses of radioisotopes ; and many of the chronic effects of radia- 
tion do not manifest themselves until 15 to 25 years after the radiation insult 
(and 45-+-25=70 years, which is the average life span). The younger the person 
who accumulates the radioisotopes in his body the greater the hazard and the 
more serious the accumulation of intermediate-lived radioisotopes like Pu-239, 
Ra-226, Sr—-90, and Po-210 in the body. It is for this reason that added precau- 
tions should be observed not to take into the body radioisotopes like Sr-—90 that 
might be translocated to the fetus; contaminated clothing should not be worn 
home, where it may present a radiation hazard to young members of the family ; 
and dangerous quantities of radioisotopes should not be discharged into the air or 
into the publie water supplies, where the population as a whole may be exposed. 
It is generally true also that fast-growing cells of the body are more subject to 
radiation damage than fully developed cells, and this is a good reason to be more 
cautious in permitting the accumulation of radioisotopes in young people or in 
women in the child-bearing age. 


9. Energy of the radiation produced by the radioisotope 


The radiation hazard associated with a radioisotope deposited in the body 
is proportional to the average energy of disintegration weighted for the biologi- 
cal effectiveness of the radiation. The total effective energy per disintegration 
of the Ra-226 plus half’ the energy of Ru-222 and its alpha-emitting daughter 
products is 14.5 Mev. The energy per disintegration of Pu—239 is 5.16 Mev, and so 
(on an energy basis alone) when equal curie amounts of Ra-226 and Pu-239 are 
deposited in the body, one would expect Ra-226 to be about three times as haz- 
ardous as Pu-239. (Actually, it is thought that the fact that Pu—239 is more 
densely concentrated in the radiosensitive portion of the bone than Ra-226 more 
than compensates for this energy difference, so that the reverse may very well 
be true. The maximum permissible amount of Ra-226 (in microcuries) in the 
body is taken to be about 2.5 times that of Pu-239.) Another interesting com- 
parison is obtained by examining some of the beta- and gamma-emitting radio- 
isotopes. In a comparison of H-3 with Na-24 it is noted in table 4 that the 
effective energy per disintegration of H-3 is 0.006 Mev, and the effective energy 
per disintegration of Na—24 is 2.7 Mev. On an energy basis alone the maximum 
permissible amount of H-3 in the body would be 450 times that of Na-24. In this 
ease both Na-24 and H-3 are assumed to be rather uniformly distributed in a 
similar matter throughout the body, so that the effective energy per disinte- 
gration is the principal factor determining the relative biological damage from 
these two radioisotopes when deposited in the body. The ratio of the maximum 
permissible amounts of the two radioisotopes in the body (using values from 
table 3, B) is approximately inversely proportional to the ratio of the effective 
energies, 


10. Specific ionization and attenuation of encrgy in tissue 


As indicated in table 1 alpha particles are considered to be 20 times as dam- 
aging on an energy-absorption basis as beta or gamma radiation because of their 
high specific ionization. The specific ionization in air of a 1 Mev alpha is about 
6X10‘ ion pairs per centimeter path, whereas that of a 1 Mev beta is only 45 
ion pairs per centimeter path. It is considered that for most of the gross dam- 
aging effects of radiation the concentrated energy loss in tissue produced by 


2 Experiments of R. D. Evans have indicated that about half of the radon escapes from 
the body. 
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an alpha particle represents a greater hazard by a factor of 20 than the less dense 
energy loss in tissue represented by the greater penetration of beta and gamma 
radiation. 

Beta radiation is absorbed mostly in the immediate vicinity of the atoms from 
which it is emitted, while the attenuation of gamma radiation of the same energy 
is much slower (e. g., if a beta emitter has a maximum energy of 2 Mev, a negli- 
gible fraction of the beta rays has the maximum range in tissue of about 1 cm. 
In the case of a 2 Mev gamma emitter, only about 3 percent of the gamma-ray 
energy is absorbed in the 1 cm. of tissue). Hence in a small organ most of the 
beta radiation emitted in the organ will be absorbed in the organ, whereas gamma 
energy emitted in the same organ will be absorbed in a much larger volume of 
tissue or escape from the body altogether. Alpha radiation is even more local- 
ized than beta. For example, almost all the energy of the 5.9 Mev alpha from 
At-211 is absorbed in the thyroid gland, where it localizes. An alpha ray must 
have an energy of about 7.5 Mey to penetrate the epidermal protective layer of 
skin about the body, which has a minimum thickness of about 0.07 mm. The 
range of a 70-key beta ray is about 0.07 mm. of tissue, so only a small fraction of 
70 Kev beta rays will penetrate this protective layer. Therefore, hazards from 
alpha and low-energy beta radiation can be controlled by keeping alpha and 
low-energy beta sources outside the body. 


To give some idea of the complexity of the problem the following factors enter 

into a determination of the isotope hazard. 

. Quantity available. 

. Initial body retention. 

. Fraction going from blood to critical body tissue. 
. Radiation sensitivity of the tissue. 

5. Size of the critical organ. 

6. Essentiality of the critical organ to proper function of the body. 

Essentiality is difficult to define. The production of carcinogenisis in any or- 
gan would, in a sense, define essentiality since this would most likely result 
in death. On tke other hand, irradiation of such organs as the eyes, gonads, 
or thyroid can produce damage to each without necessarily impairing other 
body functions at least to the point of causing death. 

7. Biological half life. 

This includes the physical half life of the radioactive material and the half 
life of the material itself within the body; in other words the time which it 
takes for the body to climinate, by normal processes, 50 percent of the radio- 
active material that entered it. 

&. Radioactive half lives of intermediate length. 

9. Energy of radiation produced by the radioisotopes. 

10. Ionization density and attenuation of energy and tissue. 

Control of the radioactivity in the body is brought about through control of 
what is allowed to enter the body. Having determined the allowable amount 
in the whole body or in an organ, the procedure is to work backward to arrive 
at the concentrations in air, drinking water or food that if taken into the body 
continuously or intermittently would eventually build up to the allowable 
amounts. It should be pointed out that the maximum permissible concentrations 
and body burdens for occupational workers assume continuous intake for the 
working lifetime of the individual. Where the intake is not continuous larger 
concentrations may be tolerated. 

In arriving at the maximum permissible exposures for man there are no 
safety factors included as such. Calculations are based on the best biological 
and clinical information available and are made as rigorous as possible. How- 
ever, at each stage where any uncertainty exists the most conservative choice 
of values are chosen. In most cases this introduces a sort of safety factor. 
One of the largest uncertainties takes into account the individual variations 
between persons. 

In getting the total effect of internal and external radiation on the body, 
each source is treated separately, and the summation from all sources is made 
with proper weighting. The organ dose for each source is summed up for the 
most critical organ. This addition is not entirely clean if more than one organ 
is involved, which is generally the case for external irradiation. As noted 
before, these additive effects need much more study but it is believed that pres- 
ent practices for the designation of maximum permissible dose are in the con- 
servative direction. 
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RECOMMENDATIONS OF THE NATIONAL COMMITTEE ON RADIATION PROTECTION AND 
MEASUREMENTS 


At the present time the National Committee on Radiation Protection and 
Measurements has prepared a list of maximum permissible concentrations for 
air, water, and the body for 100 radioisotopes. These are included in table III 
of Handbook 52. At the present time the committee is working actively on an 
extension of this list and it is expected that within a few months a new edition 
of the handbood will list over 300 isotopes. This same information will be 
used by the International Commission on Radiological Protection. 

The maximum permissible concentrations in the revised handbook are, for 
the most part, not materially different from the old values, even though we 
have reduced the maximum permissible accumulated dose by a factor of 3. 
This reduction by a factor of 3 applies only when the whole body or the gonads 
is the critical organ. ‘This will be important mainly for such radioisotopes as 
Na-22, Na 24, H-3, C-36, C-37, Br-82, A-37, and some of the noble gases. 

The NCRP has recently reaffirmed its previous position that the dose to per- 
sons in the environs of radiation sources and outside of controlled areas should 
be 0.1 of the levels for occupational exposure. On a yearly basis that would 
amount to 0.5 rem per year. Even though there is some evidence that very 
young and very old persons may be somewhat more susceptible to radiation 
effects, no distinction is made between them and persons of intermediate age. 
This is possible because an average dose of 0.5 rem per year is so low (only 
a few times background) that many age differentials would average out. Also 
in this connection the dose in these uncontrolled areas should be averaged over 
the recipients and should not apply to the single individual. This admittedly 
has practical legal difficulties but the fact still stands that on the average it 
will do no harm for some people to exceed this while others have less. Partial 
body exposures are generally less important than are whole-body exposures, 
but there may be some important exceptions to this. Again this is an area 
about which relatively little is known at the present time. If we always con- 
sider that we are dealing with whole-body exposures we will continue to err in 
the safe direction. 


Exuresir 10. AcuTe LETHALITY OF PaArtTrIat. Bopy IN RFLATION TO WHOLE-Bopy 
IRRADIATION, H. A. Bratr, UR-462 


THE UNIVERSITY OF ROCHESTER ATOMIC ENERGY PROJECT 
By H. A. Blair 
ABSTRACT 


If to cause acute death from radiation the same amount of lethal substance 
or injury must be produced, whether the whole body or segments thereof are 
irradiated, it is shown that the reciprocal of LDso for the whole body, will be equal 
to the sum of the reciprocals of LDs for the separate segments, all doses being 
measured in roentgens. Existing data are compatible with this view but they 
involve irradiation of large segments of the body. For small segments un- 
doubtedly the rule will fail. Some general aspects of partial body irradiation are 
discussed. 

Partial body irradiation is of interest because it is common in occupational 
and accidental exposures, because it results from the ingestion of most radio- 
active materials owing to their inhomogeneous distribution and because of its 
possible use as a technique in studies of the nature of the injurious action of 
radiation. 

One type of experiment which has been performed is determination of LDs— 
80 days for a given strain of animals for whole body irradiation, for irradiation 
of a segment of the body and for irradiation of the remainder of the body exclud- 
ing this segment. 

If the segments of the body are A and B, respectively, the whole body is A+B. 
If the lethal action of the radiation is proportional to the dose and if the same 
level of lethal effect, Q, is required whether whole body or individual segments 
are irradiated then 

Q =ARa=BRs=(A+B)R (1) 


Ra, and Rs and R being the lethal doses in roentgens and A, B, and A+B are 
now the products of the weights of the segments and the constants of propor- 
tionality converting roentgens to lethal effect. 











$24 RADIOACTIVE FALLOUT AND ITS EFFECTS ON MAN 


On dividing the two right hand terms of equation 1 by BRaR 
1/R= (A/B+1) /Ry 
but from (1) A/BRs=1/Ra 
therefore 1/R=1/R,i+1/Rs (2) 


According to this equation and the hypotheses used, the reciprocal of whole 
body LDs. is equal to the sum of the reciprocals of the LDws for irradiations of 
two segments which together include all of the body. 








TABLE 1 
Whole body | 
Strain Head alone} Body alone} Head and 
R R body 

R /R 1/R+1/R 
See ri oS 5 oe ke 500 0. 0020 500 1, 265 0. 00280 
NN a a eS 570 . 00175 1, 185 1,018 00183 
I ee ee es 550 OO181 1, 300 858 00194 
RE eet cad nabasttaabeausisseeae 492 . 00203 1, 443 735 00108 


Note.—Data by Reinhard et al. (see footnote 1) on determinations of LDs0, R, for partial and whole 
body irradiation in 4 strains of mice. According to the hypotheses used here the reciprocals of cols. 2 and 6 
should be equal. 


Data by Reinhard et al.’ giving LD. in four strains of mice for head alone, 
body alone, and whole body are shown in table 1. It will be seen that agreement 
with equation 2 is fairly good except for the one instance in which LD» for head 
and whole body are the same. One of these values is most probably in error on 
general grounds. 

These results are compatible with the view that a given amount of a lethal 
effect or lethal substance is required to kill and that it is equally effective 
whether it is produced uniformly in the body or only in a segment thereof. 

Equation 1 is compatible with the view, but does not require, that the total 
number of gram roentgens required to kill are the same whether delivered to 
the whole body or to a segment only; this because the constants of proportion- 
ality in A, B, ete., may, or may not be, proportional to the weights of their re- 
spective segments. 

Information of this point is supplied by Kereiakes et al.? * who demonstrated 
by irradiating rats and mice through a protective grid with equal diameter 
apertures that the lethal dose in gram roentgens was nearly the same for irradi- 
ation of the whole body as for distributed fractions down to about 15 percent 
of the body. However, when the apertures were reduced in diameter while 
keeping constant the area exposed, the gram roentgen lethal dose increased. 
This latter effect was attributed to reduction of effectiveness of the injury by 
reparatiye actions occurring across the increasingly larger surface of normal 
tissue surrounding the irradiated as the apertures become small. 

While the experiments just cited show that within fairly wide limits the gram 
roentgen lethal dose may be the same for whole body and segmental irradiation, 
when the segments represent all types of tissue, this is not true, according to 
Swift et al. when the abdomen alone or the remainder of the body alone are 
irradiated. Their data are shown in table 2. 


1 Reinhard, M. C., A. E. Mirand, H. L. Goltz, and J. G. Hoffman, Mouse-Strain Differences 
in Response to Radiation, Proc. Soc. Exp. Biol. and Med., 85 : 367-370, 1954. 

2 Kereiakes, J. G., W. H. Parr, J. B. Storer, and A. T. lrebs, Effect of Partial Shielding 
by Grids on Survival of X-irradiated Rats, Proc. Soc. Exp, Biol. and Med., 86: 153-156, 
1954. 

® Kereiakes, J. G., and T. A. O'Neill, Further Studies of the Effect of Partial Shielding by 
Grids on Survival of X-irradiated Animals, Army Medical Research Laboratory Report 
A. M. R. L.-178, 1955. 

*Swift, M. N., S. T. Taketa, and V. P. Bond, Regionally Fractionated X-irradiation 
Equivalent in Dose to Total-Body Exposure, Radiation Res., 1: 241, 1954. 

Swift, M. N., S. T. Taketa, and V. P. Bond, Effect of Regionally Fractionated X-irradiation 
Equivalent in Dose to Acutely Lethal Total Body Exposure, USNRDL-365, 1952. 
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TABLE 2 
Whole body | Abdomen Abdomen 
exposed shielded 
750 1, 025 1, 950 
kg. 175 134 275 
WER. cvccnnkocccccuccmstgabaeadekbesevbabuesiuadesdaniaale 0.00143 0. 00097 0.00051 


Note.—Data of Swift et al. (See footnote 4.) LDso in roentgens, R, and in kilogram roentgens, kg. R, 
for whole and partial body irradiation of rats of the Sprague-Dawley strain. Whole body LDso is taken 
as 700 r in calculating 1/R. Acutally the reciprocal of 676 r is equal to the sum of the reciprocals for the 
segmental irradiations, 


It will be seen that the sum of the reciprocals for partial body irradiations, 
0.00148, is essentially equal to, 0.00148, the reciprocal of 700 r the average of 
the range of values 650 to 750 r given for whole body LDs. Consequently these 
data conform to equation 2. However, the lethal doses in kilogram roentgens 
are quite different for the three modes of irradiation. Consequently agreement 
with equation 2 may be attributed, not to the necessity of equal gram roentgens, 
for lethality, but rather to the necessity for equal lethal effect or substance. 
These matters can be discussed most easily by generalizing equations 1 and 2. 

Let Q=amount of lethal effect required. Let there be n segments of weight 
Wi, W2, ete., requiring, respectively, for lethality the doses rm, r, ete. Then if 
@1, a, etc., are the constants of proportionality giving the effectiveness of the 
radiation in producing lethal effect per gram per roentgen in each segment 


Q=ayWyry = AqWer2= . . . AgWaln=(QyWi;+aet ... a,W,)r (3) 


the last term representing irradiation of all the segments together with lethal 
dose, r. The sum of the segments may or may not include the whole body. 
On dividing the second and last terms by r and a;wir: 


5/3 A2W2 AnW np 
r Ty GQywiry) ay wry 
But 
AzW2 1 a,w 1 
—=- ete.... ——- = 
ayW,r; T2 QW"; Tn 
Therefore 
a, ce 1 
Sampo (4) 
Tr rT; T2 Tr 


It will be observed that agreement of data with equation 4 imposes no re- 
quirement for equality of the products wr, or gram roentgen doses in equation 3, 
because the a’s may be different. In the experiments of Swift et al.,° a, for 
the abdomen is twice as great as that for the remainder of the body. In other 
words twice as much lethal effect occurs in the abdomen per gram roentgen as 
in the remainder of the body. 

The reason that the data of Kereiakes et al, show a wide range of equality of 
gram roentgens for lethality is, presumably, that similarly representative 
samples of all the tissues were uSually exposed. When this condition is not 
fulfilled gram roentgens will vary. 

A feature of equ tion 4 of some interest is its prediction with respect to the 
lethal dose for any segment in relation to that for the whole body. Let this be 
the nth segment, Then 

oe eae 1 


tT, #T TT T2 Pa-1 


or 
1 et orr,>?t (5) 
Tf. TT 


That is, the lethal dose in roentgens for irradiation of any segment of the body, 
no matter how sensitive it may be, is always greater than the lethal dose in 
roentgens for the whole body. 

As a corollary to this the lethal dose will always be increased by shielding part 
of the body and the increase will be greater the greater the sensitivity of the 
shielded part. 
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It has been implied thus far that the irradiated segments are mutually exclu- 
sive and this is necessary if the relations derived are to be obeyed. Further- 
more, this condition can be met, by appropriate shielding, in fairly close ap- 
proximation using external sources. With injected radioactive materials, how- 
ever, if two varieties are administered alone and then in combination, the regions 
in which they accumulate may overlap. This is immaterial, however, providing 
each substance produces its effect independently of the other. It is of interest 
to consider two such materials. 

Using the same notation as before 


Q = ay wiry = agWer2= aa, Wir + Barwor2 


the first terms representing LDs for the two substances separately and the last 
term representing LD». for the case in which the two materials are given togther 
in fractions a and 8 respectively, of the LDs when given alone. Owing to the 
prolongation of dosage and simultaneous recovery r; and rz will be effective 
rather than real doses, 
It will be seen that the above relation requires a+8=1. It is not to be ex- 
pected, however, that this relation will be obeyed except for two materials of the 
same effective half-lives; otherwise their maximal effects will not occur at the 
same time and consequently will not be wholly additive. On this ground, there- 
fore, it would be expected that a+ 8 would usually be greater than 1. It is 
shown by recent work of Carsten and Noonan’ however, that recovery from a 
primary radiation injury as measured by a second dose is faster in the rat when 
the abdomen and hind limbs alone, rather than the whole body, is irradiated. 
This suggests the possibility that recovery rate decreases as the irradiated vol- 
ume increases. If this is true for radioactive materials it permits the possi- 
bility that the maximal acute injury from two materials of different tissue dis- 
tributions acting together and affecting a larger volume of tissue would each be 
greater than when the materials acted alone. If so a+8 might be less than 1. 
This case has been observed by Friedell et al.° who found that half LD, of radio- 
active gold and of phosphorus administered together constituted almost LD. 
It will be seen from these considerations that no simple additive relations are 
necessary to be expected for the acute lethality of mixed radioactive materials 
except when they have the same organ distribution and biological half-lives. 


COMMENTS 


The present analysis is compatible with either hypothesis that radiation pro- 
duces a toxin which spreads to the whole body or, an injurious effect, con- 
fined for the most part, to the volume exposed. 

If there is a toxin produced there is no evidence that it is combatted more 
effectively by nonirradiated than by irradiated tissue. An exception to this 
may be the spleen. However, its action may be wholly restorative of hemopoiesis 
rather than detoxifying. In any case spleen shielding is protective much out of 
proportion to the predictions of the hypotheses used here. 

In this regard it is significant that shielding extensive areas of bone marrow 
does not alter the lethal level of injury in the unshielded segment of the body. 

This analysis is compatible with the usual hypothesis that the lethal effects of 
radiation are in direct proportion to the dose but the proportionality constants 
are not the same for all tissues. 

In the field of partial body irradiation more information is required especially 
with respect to long term effects. It is known that non-homogeneously de- 
posited internal radioactive emitters cause shortening of life-span but the dose- 
effect relationships are not obtainable from existing data. 

It is indicated by these results that the gram roentgen dose for lethality will 
tend to be the sanie for the whole body inhomogenously exposed, homogeneously 
exposed, and partially exposed. This rule will fail, however, in either direction 
when the average sensitivity of the exposed tissues is not the same as for the 
whole body. It will also fail, presumably, for irradiation of segments of the 
body, not essential to life, such as limb, which, with proper treatment, could 
be exposed to the extent of necrosis without leading to death of the whole 
organism. 


5 Carsten, A. L., and T. R. Noonan, Determination of the Recovery From Lethal Effects 
of Lower Body Irradiation in Rats, University of Rochester Report UR-445. 1956. 

® Friedell, H. L., and J. H. Christie, Synergistic Effect of Phosphorus 32 and Colloidal 
—— 198 on Survival in Male Albino Rats, Proc, Soc, Exp. Biol. and Med., 76: 207-210, 

vol. 





sea OS F 


yLi- 


re 
is 
sis 


of 


Ow 
ly. 

of 
nts 


ly 
de- 
se- 


vill 
sly 
jon 
the 
the 
uld 
10le 


‘ects 


idal 
210, 





RADIOACTIVE FALLOUT AND ITS EFFECTS ON MAN 827 


LEGAL NOTICE 


This report was prepared as an account of Government-sponsored work. 
Neither the United States, nor the Commission, nor any person acting on behalf 
of the Commission : 

A. Makes any warranty or representation, express, or implied, with respect 
to the accuracy, completeness, or usefulness of the information contained 
in this report, or that the use of any information, apparatus, method, or 
process disclosed in this report may not infringe privately owned rights; 

or 

B. Assumes any liabilities with respect to the use of, or for damages re- 
sulting from the use of any information, apparatus, method, or process dis- 
closed in this report. 

As used in the above, “person acting on behalf of the Commission” includes 
any employee or contractor of the Commission to the extent that such employee 
or contractor prepares, handles, or distributes, or provides access to, any infor- 
mation pursuant to his employment or contract with the Commission. 


(Mr. Taylor’s statement—continued. ) 


A subcommittee of the NCRP is presently working on the gonadal dose from 
all internal emitters, including those which move relatively quickly through the 
body. This work is under the direction of Dr. K. Z. Morgan at Oak Ridge, and 
is an extremely complicated problem, the solution of which will require the most 
modern machine computation techniques. If this program is successful, it is 
hoped that the method will be extended to the determination of the skeletal dose 
which, according to the most recent information, is beginning to look more 
important, particularly in relation to fallout problems, 


PHILOSOPHY AND BACKGROUND OF RADIATION PROTECTION 


This part of the discussion will be covered only in outline since much of the 
supporting information is covered in the accompanying documents. 


Exuisit 11. PHrmLosopHy UNDERLYING RADIATION PROTECTION, AMERICAN JOURNAL 
ROENTGENOLOGY, VOLUME 77, PAGE 914, May 1957 (MrmrocrapH Copy) 


ADDRESS BEFORE THE NINTH ANNUAL CONFERENCE ON ELECTRICAL TECHNIQUES IN 
MEDICINE AND BIOLOGY, NOVEMBER 7, 1956 


Lauriston 8. Taylor, Atomic and Radiation Physics Division, National Bureau 
of Standards 


In the broad sense, radiation protection is a problem that will touch the lives 
of most of us and more as time goes on, whether it be in connection with 
nondestrictive testing, with radiology, or with the production of nuclear power. 
The uses of radiation-producing machines and the use of radioactive materials 
will undoubtedly increase as time goes on, and radiation, as such, will become 
an increasingly important part of our national economy. 

The general substance of the discussion [this evening] will have to do with 
the development of our philosophy of radiation protection. To do this in proper 
perspective, it will be desirable to review in some detail the early history of 
radiation protection, and the development of radiation-protection standards. 

The term “radiation-protection standards” is used somewhat loosely and yet 
at the same time there is probably very little real uncertainty as to the broad 
meaning of the term. One normally thinks of a standard as being something 
rather firm, rather well understood, inflexible, accurately known, and repro- 
ducible. When a standard is mentioned, one immediately thinks of something 
like the standard meter-bar, carefully locked away in a vault and resistant to 
the changes of time; or of some accurately measurable quantity, such as the 
ohm or volt. 

However, in the field of radiation protection standards, there are many 
unknowns and many uncertainties. They involve a great many assumptions 
that may have to be changed from time to time. In fact it would not be over- 
simplifying the case to state that our protection standards are essentially pro- 
tection goals or objectives. Where it is possible to develop numbers to assign 
to some of the standards, these numbers are really more in the nature of a means 
to achieve some goal than the goal itself. Even the goal itself is difficult of 
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Cefinition, It is primarily to determine the limits of radiation exposure to 
which the individual, or whole population, can be exposed without encountering 
risks incommensurate with the benefits to be expected from its use. Standards 
of safety go back directly to the individual who will be exposed to radiation. 
For this it is necessary to determine how much radiation he can absorb without 
injury to himself or to his progeny. 

Knowing the complication of the human being as an organic structure, and 
the great difference in sensitivity between individuals, it is very easy to see why 
such a determination becomes an extremely difficult problem. To point up the 
difficulties, it may be helpful to review rather briefly some of the early back- 
ground and philosophy leading to the development of standards of radiation 
protection. Much has been written on this subject and therefore only the high 
spots will be touched upon. 

Radiation was recognized as a potential hazard to health soon after its dis- 
cevery. Efforts to understand and curtail radiation exposure to individuals, 
were not begun seriously until the 1920's. One should bear in mind that it was 
not until 1928 that the world had a uniform and acceptable unit of radiation 
dose, namely the roentgen. Consequently, radiation-protection efforts and pro- 
tection standards were, of necessity, on a purely qualitative basis. Until 1928, 
most radiation treatments were expressed in terms of fractions of an erythema 
dose—the amount of radiation that would cause a defined reddening of the skin. 
This in itself was a very uncertain factor, since it depended upon the energy of the 
radiation, the time over which it was delivered, the size of the irradiated field, 
and the amount of backscattering, not to mention the individual’s idiosyncrasy 
with regard to radiation sensitivity. It was not until the midthirties that stray 
radiation exposure was measured quantitatively, thus making it possible to put 
radiation-protection standards on a reasonably firm quantitative basis. In- 
terestingly enough, later efforts proved that these early standards were not 
grossly wrong. 

One could venture the suggestion that if there is any basic standard of 
radiation protection it would be what is now referred to as the maximum per- 
missible dose, or maximum permissible exposure of an individual. By maximum 
permissible exposure is meant the amount of radiation to which the whole body 
of an individual can be subjected over the period of his adult lifetime without 
producing in that individual any detectable harmful effects. For the occupa- 
tional exposure of an individual to radiation, such a standard might be adequate, 
but as I will explain in more detail, another basic standard is needed for the 
exposure of the entire population—one that takes the genetie effects into con- 
sideration. 

Parenthetically, it should be remarked that the old term “tolerance dose” that 
prevailed for many years is a complete misnomer. There is no such thing as a 
“tolerable dose of radiation.” No radiation, other than for the treatment of 
disease, is known to be beneficial to man. Any radiation exposure received by 
man must be accepted as harmful. Therefore, the objective should be to keep 
man’s exposure as low as possible and yet, at the same time, not discontinue the 
use of radiation altogether. 

The big problem is to obtain some quantitative idea, as to the degree of harm 
that will result from exposure to various amounts of radiation. 

As already mentioned, early permissible exposures were expressed in terms 
of the erythema. This followed as a result of a very few observations made on 
a very few people who had been overexposed to radiation, under conditions 
where there was some crude idea as to the amount of radiation involved. Asa 
result of this, numerous proposals were made, and for a time served a useful 
purpose. For example, Mutscheller proposed as a “tolerable dose,” one-hun- 
dredths of an erythema dose in 30 days. Others reduced this to one-thousandtlis 
of an erythema dose in 8 days. Sievert independently proposed one-tenth of an 
erythema dose per year, which was not appreciably different from Mutscheller’s 
value. 

Various attempts were made to place the tolerance dose on a sound physical 
basis. Glocker and Kaupp described a tolerance dose as that radiation level 
which would give just barely visible fluorescence observable in a completely 
darkened room by dark-adapted eyes. They also described it, as barely visible 
blackening of a “duplitized” X-ray film after an exposure to radiation of one 
hour. Mutscheller developed a simple but very inaccurate formula for comput- 
ing erythema doses, for a given distance from the X-ray tube, for the useful 
beam. The number of erythema doses was given by the number of milliampere 
minutes, divided by 25 times the square of the distance. 
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Knowing as much as we do now about radiation, these standards look pathetic 
indeed, and yet they marked important milestones leading to our more accurate 
understanding of the problem. When one realizes that, on the basis of today’s 
knowledge, an erythema dose under given conditions may vary from 270 to 
1,000 roentgens over a range of 100 to 1,000 kilovolts, some visualization of the 
vast uncertainties in the early work might be had. 

By the early thirty’s such works as just mentioned were correlated and recon- 
ciled by the free use of safety factors—or just factors. Germany proposed the 
first quantitative expression of a permissible dose measured in roentgens, 
arriving at a figure of 10-5 roentgen per secend as their so-called tolerance level 
of radiation. In 1934 it was possible, for the first time, for the International 
Commission on Radiological Protection to express permissible exposure in terms 
of roentgens. The value then chosen was two-tenth roentgen per day. In the 
United States in 1936 a somewhat lower level, namely one-tenth roentgen per 
day was adopted. This lower value was in part a result of the belief that there 
was not an adequate safety factor in the international recommendations. 

It will be noted that the permissible exposures mentioned above were inte- 
grated over varying lengths of time, ranging over a period of 1 second to 1 year. 
Although precise information on radiation recovery is lacking, it is undoubtedly 
true that a given dose of some roentgens received in a period of a few minutes 
is probably more harmful to the individual than the same dose distributed evenly 
over a year’s period of time. Therefore, while the various proposals for per- 
missible exposure appear to reduce numerically to the same quantity, they 
were not, in fact, biologically equivalent. 

Additionally, there is a serious administrative problem involved, when one 
compares the integration of a dose given over a few seconds or over a year. 
For example, according to the early German proposals, if at any time an indi- 
vidual is exposed to more than 10~ roentgens in any one second, he would 
have exceeded his permissible dose rate even though this might only occur 
once in a year. This, of course, is nonsense. On the other hand, the problem 
of integrating a dose over a year’s time could also present serious difficulties, 
depending upon the particular technique used. A person might be heavily over- 
exposed during an early period in a year, yet this might not be detected until 
it was too late. It was through consideration of such reasons as these, that 
integration over a period of one day was adopted in the mid thirties. 

In 1946, the National Committee on Radiation Protection undertook an in- 
tensive review of the whole problem of permissible dose. This review was insti- 
gated by the fact that, during the Manhattan District days, a tremendous 
amount of experimental and biological research had been carried out for the 
purpose of assuring safety to radiation workers; new biological data had become 
available. It was quickly realized that the value one-tenth roentgen per day, as 
used in this country, provided only marginal protection. There was increasing 
evidence, leading the committee to believe that the value should be lowered. At 
the same time, it was decided to review the question of the period over which 
the dose would be integrated. For technical, as well as administrative reasons, 
it appeared that integration over one day was unnecessarily restrictive. Inte- 
gration over about 1 month appeared to be more reasonable and a compromise 
was finally reached at one week. The committee arrived at the recommenda- 
tion of three-tenths roentgen per week as the permissible whole-body exposure 
to gamma rays and to moderate and medium energy X-rays. This value has 
since been adopted internationally. 

There is one very important fact that I would like to emphasize at this point. 
From 1928 to 1936, the permissible exposure was one-tenth of an erythema dose 
or 50 to 100 r per year; from 1936 to 1948 it was 36 r per year; since 1948 it has 
been 15 r per year. Now, as far as I know, there is not a single case on record 
where an individual who has maintained his exposure within any of these limits, 
has developed any detectable injury that can be reasonably ascribed to that 
radiation exposure. One may ask with some reason, why, if this is such an 
imposing negative record, has there been a steady lowering of the permissible 
exposures, and why still further reductions are being considered. The reason 
for the 1948 change has been well documented in the NCRP report on the per- 
missible dose from external sources of ionizing radiation. This was published 
as NBS Handbook No. 59. 

One point not mentioned there is the fact that through the availability of 
better technical data required for shielding design, it has now become possible 
to provide this better shielding at costs that are not unreasonable. In other 
words, better protection was readily obtainable—why not use it? It might be 
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remarked that most of the large atomic energy installations have applied further 
factors of safety of 5-10 to the lower levels introduced in 1948. 

Thus far in my discussion, the problem of radiation exposure to the indi- 
vidual has been considered only under essentially occupational conditions. 
There are a number of other conditions that have to be considered. Radiation 
effects on human beings may be more or less significant depending upon many 
factors. For example, there is increasing evidence that irreversible genetic 
damage may result from exposure of the gonads to any amount of radiation. 
All such exposure is cumulative. This implies that an exposure that may not 
produce any harm to the individual himself, may be passed down through the 
genetic chain to the descendants of this individual. One cannot neglect the 
possibility that such damage may occur. 

I should point out rather quickly that the importance of this problem has 
been very evident to the National Committee and the International Commission 
for at least the past 10 years. The problem was clearly recognized by the 
NCRP in 1946 when it established a new subcommittee on permissible radiation 
exposure and included 3 geneticists in its membership. In its final report, 
issued as NBS Handbook 59, there was frequent mention of the problem, al- 
though it was felt then that there was insufficient evidence to warrant the estab- 
lishment of further quantitative limitations on exposure, for purely genetic 
reasons. 

In 1952 the International Commission on Radiological Protection met in Stock- 
holm with a number of genetricists for the specific purpose of considering the 
genetic problem in relation to the possible exposure of a much larger fraction of 
the population than had theretefore seemed reasonable. Recognition of the 
potential hazards of the new nuclear age had been forced upon us. 

The impact of radiation exposure on a large homogeneous population group— 
a few hundred thousand persons—was considered from the point of view of 
the resultant genetic burden. On the basis of the premises then accepted, the 
maximum allowable per capita exposure averaged over the population group 
ranged, from about 3 to 20 rems per person. An average of about 10 rems in 
addition to background appeared to be a reasonable compromise, but no specific 
value was officially adopted. One reason for not being specific was the uncertain 
state of our knowledge of human genetics, and the widespread of opinion among 
the several geneticists present. Another reason was the belief that the situation 
would not become sufficiently critical or dangerous within the next 5 or 10 
years to warrant the introduction of further limitations on radiation exposure. 
It should be remarked here that there are still a number of qualified persons 
who share this belief. 

In March of this year the ICRP again took up the genetic question. Again 
opinion was somewhat divided, but there was clear recognition of substantial 
improvement in our genetic knowledge—at least of animal genetics. In a very 
carefully guarded statement they said that “Until general agreement is reached, 
it is prudent to limit the dose of radiation received by the gametes from all 
sources additional to the natural background to an amount of the order of the 
natural bacground in presently inhabited portions of the earth.” This would 
be an amount of the order of 3 to 4 rems in 30 years or roughly 0.1 rem per year. 
It was further recommended that for radiation workers the exposure be limited 
to 50 rems accumulated during the employment period up to age 30. If one con- 
siders employment of about 10 years, up to age 30, as about average, this would 
mean an average of 5 rems per year as compared with 15 rems per year, the level 
in use for the past decade. 

Very similar figures were proposed by the National Academy of Sciences in its 
report issued in June. 

In September of this year the National Committee on Radiation Protection 
met to consider what steps it should take in interpreting these various recom- 
mendations for practical use in the radiation field. This was undertaken with 
some degree of urgency since the National Committee has, for many years, been 
looked to for the basic recommendations on radiation safety standards in this 
country. Ininterpreting the recommendations of the ICRP, it was deemed neces- 
sary to introduce numerous qualifications in order to permit reasonable uses of 
radiation, while at the same time providing reasonable protection not only to 
the individual but to future generations. 

Before going into the details of the NCRP recommendations it should be 
mentioned that together with genetic considerations, attention was given to the 
possible effect of radiation exposure upon the average expected life span. Here 
again, on the basis of animal experiments as well as some limited human data, 
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there is increasing evidence that either chronic or acute exposure of the whole 
body to radiation may statistically shorten one’s life expectancy. This shorten- 
ing of life span may amount to as much as 114 percent per 100 rems of whole 
body exposure. For partial body exposure the effect would be only a fraction 
of that for whole body exposure. 

Well, these facts, if facts they be, are not such that much comfort can be 
derived from them. But, they should be considered in proper perspective, and 
in relation to the many other complicatetd facets that may influence our lives in 
much the same way. 

The National Committee on Radiation Protection felt it was essential to 
minimize these additional risks—and to some degree controllable—that may be 
associated with the use of radiation. To this end, it is now proposing a general 
lowering of the maximum permissible exposure levels for both radiation workers, 
and, for the general population. These changes are patterned after the 1956 
recommendations of the ICRP. Without going into great detail, the new recom- 
mendations that are being considered, will be outlined. 

First we have defined a controlled area as one under the supervision of a 
radiation safety officer and one in which personnel can be exposed to radiation 
or radioactive material. Any person working in a controlled area is a radiation 
worker. 

A summary of the maximum permissible accumulated dose for radiation 
workers is as follows: The maximum weekly limit for whole body exposure will 
remain at 0.3 rem per week but will be subject to further limitations. For 
example there will be a limitation according to age—this is primarily for genetic 
reasons. Thus: 


Up to age 30 the limit will be 50 rems. 
Up to age 40 the limit will be 100 rems. 
Up to age 50 the limit will be 150 rems, 
Up to age 60 the limit will be 200 rems, 
Up to age 70 the limit wil be 250 rems. 


For design purposes, or for that matter for all practical purposes, these 
figures indicate that an average exposure of 5 rems per year may be regarded 
as permissible. On the other hand, the average may be taken over 10 years, 
provided the decade limits are not exceeded. 

Most of the rules given in Handbook 59 will still apply but some will be 
modified to comply with the average yearly limitations of 5 rems to the blood 
forming organs, gonads and lens of the eyes, and to a limitation of 10 rems 
to the skin. 

The rule allowing double exposure over age 45 is no longer necessary, but on 
the other hand, for persons over that age having no radiation history, the weekly 
limit of 0.3 rem may be taken indefinitely. 

Let us consider next the problem in uncontrolled areas. Here we have the 
situation wherein persons may be subject to radiation without their knowledge 
or permission. If for no reason other than ethics, their exposure should be 
substantially less than for a radiation worker. For such persons, the important 
consideration is their average exposure—that is the exposure per individual 
averaged over the whole population. Thus the exposure of one person may be 
very much higher than this average, while the exposure of another may be very 
much lower. This, incidentally, is one of the hardest points to get across to 
the public. They hear some number like 10 rems bandied about as an average 
exposure—then they get a dental X-ray which someone says is larger than 10 
rems and they think ‘they've had it.” 

Averaging should be done for the population group in which crossbreeding may 
be expected. While at the moment it is not feasible to determine this average 
exposure with any reasonable accuracy, the adoption of some figure is necessary 
for planning purposes. 

For the foreseeable future, it may be assumed that the integrated exposure 
of all radiation workers will be small compared with the integrated exposure of 
the whole population. Furthermore, persons nonoccupationally exposed in the 
immediate vicinity of radiation sources constitute only a small portion of the 
whole population. Therefore, if this latter group is allowed a maximum yearly 
exposure of 0.5 rem per year, it is not likely that the average per capita exposure 
to manmade radiations would exceed 6 or 7 rem up to age 30. This, added to 
the background radiation of 4 rem and medical exposure of 3 rem will make an 
overall average exposure of 11 rem, 
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The new recommendations will permit some latitude in the designation of 
controlled and uncontrolled areas. Within an installation, any space may be 
designated as a controlled area, and the permissible occupational levels used 
therein. But, the area and the employees must then be monitored. This leaves to 
the employee the decision as to whether or not to work there. Matters of eco- 
nomics and employee relations will dictate the decision as to designation of 
controlled areas. 

Permissible radiation levels for internal emitters will conform to the general 
principles that I have just outlined. Where the critical organ is (a) the gonads, 
(b) the whole body, or (c) the blood-forming organs, the maximum permissible 
concentrations for air and water will be one-third the present values specified 
for radiation workers. For persons outside controlled areas, the maximum 
permissible concentrations should be further reduced by a factor of 10. Where 
single organs are regarded as the critical organ, the present maximum per- 
missible concentrations will continue. 

Let us return for a few moments to further emphasize the meaning of this 
average exposure—this figure of 10 rem that has been so thoroughly misunder- 
stood and misused. The genetic limitation on radiation exposure depends upon 
the total dose to the population—not the dose to any individual, Thus, for every 
million persons, we will allow in addition to background exposure, a total dose 
of 10 million rem in their first 80 years, or 14 million rem including background. 
This million persons includes radiation workers, doctors, dentists, and all other 
persons whether they receive radiation or not. 

Let us see how this 14 million rem is used up. First take medical exposures— 
according to present practice, this will use up 5 million rem. Next take radiation 
workers, which may be estimated as not more than one-third percent of the people, 
or 3,000 per million population. They may receive an average exposure of 50 
rem up to age 30—this would use up one-fourth million rem. 

lersons living around radiation areas, would not reasonably be expected to 
exceed 1 percent of the population at the moment. Their radiation allowance 
is only one-tenth that of radiation workers, or 5 rem in 30 years—this uses up 
only another quarter million rem. Present background radiation to which all 
persons are exposed is of the order of 4 rem in 30 years—this will use up 4 
inillion rem. 

These figures add up as follows: 

Million rems 


CIT COWES ena eta eee Soe poe ee aa 4 
a rsa cc um Gece Son aan en as ie inns eid ds Gh os pve sas ee rea 5 
Ime rac tech ai ta aa ss eo Rf ed rasan ae rca ee ames 4 
NO a i ar ai Oo oe VY 

PM ae eae cass ccs ee kes aogier eI eee ds alga lene ea 91% 


Since we can accept a total of 14 million rem per million persons, this leaves 
a balance—you might say, a reserve—of 414 million rem, or about half again as 
much as we are already using. Some of this reserve may eventually go into 
increases in medical exposure, increase in fallout radiation, increases in atomic 
power operations, and so on. The way in which we distribute our use of this 
reserve is a matter to be worked out as time marches on, 

So much for the new recommendations of the NCRP. 

Now at this point let us think a little about what we have done. Of course it is 
clear that over a period of many years we have set physical limits to the radia- 
tion exposure that man may be allowed to accept. It is also clear that there is 
an almost total lack of direct experience on the effects of radiation on man. 
There is a wealth of indirect experience. 

Also—and this is a most impressive fact—there are virtually no cases where 
persons subjected to any of the permissible exposures of radiation have evidenced 
any detectable harm to themselves. 

Let us pause a moment to consider this most unusual situation which has 
almost no parallel in industrial hygiene. In the well-known situation with 
silicosis, there was clear evidence as to cause and effect, and positive steps could 
be taken to minimize its incidence. Similar to radiation, in a sense, is the fact 
that the disease might first show itself many years after the exposure to silica 
dust occurred. However, and differing from radiation, once the disease has 
developed there is a positive relationship to its cause; this is the case with most 
industrial toxic agents. 

One of the most important—if not the most Important—aspects of radiation 
injury is the absence of a clear and definable relationship between the exposure 
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and the end result. Many of the manifestations of disease that can be ascribed 
to radiation exposure can equally well develop in persons who have absolutely 
no radiation exposure history. Considering this, together with the fact that 
radiation exposure does net excite any of our ordinary sensory organs, makes it 
loom as a hazard quite distinct from all others. It is primarily for these reasons 
that such an enormous effort has been expended over the past 30 years on matters 
of radiation protection. It is surely why, with this particular hazard, we are 
today relatively so much further ahead than we might be with any other hazard 
having such a short history. It is the reason why we are doing so much to 
prevent something from ever happening. 

There are perhaps other reasons which exist even though we may not ordi- 
narily think of them as such. 

I am reminded of an incident that occurred at a scientific meeting a few years 
ago. In the course of the discussion of a paper on radiation protection, I was 
taken to task for having used the phrase, “the science and philosophy of radia- 
tion protection.” The discussant insisted that the radiation protection problem 
was straightforward, scientific and clean cut and that there was no argument as 
to permissible exposure levels and such. I can think of nothing further from 
the truth, and nearly everything that I’ve said this evening will bear me out. 

The basic problem is even more complicated than just science and philosophy. 
Here I must tread lightly. 

Today, as we consider the total problem of radiation exposure, I feel certain 
that we are forced to consider not only the philosophical and scientific aspects but 
also the aspects of morality. I’m not sure where one begins or the other ends. 

Consider the most beneficial use of radiation that we can think of—the diag- 
nosis and treatment of disease. No one can question the enormously important 
benefits that radiation offers in improving our health. To deny ourselves this 
tool i sto take a step back toward the dark ages. Yet, as we now know, it carries 
some element of risk—not necessarily to ourselves, but to some unknown, unborn 
person at some unknown time in the future. How can we balance the choice 
between our own health—or possibly even our own survival—between this and 
that unidentifiable life of the future. I suspect the answer is clear, but can 
we be sure? 

For the present, we must preserve our sense of proportion. Through misunder- 
standing and many confusing public statements, the public does not know what 
to do. This is becoming more evident daily, as we hear of people refusing to 
have chest X-rays, or dental examinations. There is no future for that unborn 
child, if first we die of tuberculosis or infection. Here is where our sense of pro- 
portion enters. 

For the radiologist or physician or dentist, it is essential that he know more 
about matters of protection. It is essential that he be trained to perform the 
necessary examination with the very minimum of exposure to the patient. It 
is essential that he have equipment designed to minimize or eliminate exposure 
that serves no useful purpose. It is essential that he know the dose that he ad- 
ministers—at least within some reasonable limits, If he knows this he will al- 
most surely become aware of the protection problem. 

For the individual—the prospective patient—it is essential that he place con- 
fidence in the physician, The ordinary individual cannot exercise judgment as 
to the need for radiation diagnosis any more than he can as to the usefulness of 
a particular prescription. He can, however, avoid unnecessary radiation by not 
“shopping around for better X-rays”, by not using such foolish things as shoe- 
fitting X-ray machines, and by not bringing unnecessary radioactive devices into 
his home. Let him keep his sense of proportion. 

Let us take the genetic problem. Let us assume that the geneticist is correct 
in predicting that if we expose the population to an average per capita dose of 
X rem, we will produce Y genetic deaths at some time within the next Z genera- 
tions where Z may be any number up to, say, 50. (This is of the order of 1000 
or 1500 years.) Let us note that these deaths will be in such forms as failure to 
conceive, still-births, miscarriages, death below the average lifetime and so on. 
Let us also note that few if any of these deaths will ever be individua!ly and 
causatively related to some specific earlier genetic damage caused by radiation. 

On the other side of the ledger, let us note that through the use of radiation 
today we may be able to better our lives either as to material things ¢6r as te 
health. 

But even here—strange to say—the problem is complicated by our enormous 
improvement in health. Many who have faced the problem will question the 
wisdom of prolonging life to the point of so greatly increasing the number of 
people in the state of senility. Others will question the wisdom of prolonging, 
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in misery, the lives of those unfortunates for whom there is no hope in living; 
The answers to these problems are largely matters of ethics and morality. Of 
course it must be admitted that through overexposure to radiation we may well 
gugment rather then decrease these numbers. 

In any case, with all our knowledge today, we are still dealing with a large num- 
ber of imponderables. Are we to be morally charged with murder if through 
our judgment today we allow—or cause—these genetic deaths of the future? 
Can we leave to the future generations the problem of somehow adjusting them- 
selves to an environment of higher radiation levels? Will the future race be 
better off or worse off with whatever changes may take place in it? The answer 
here may lie in whether or not this future race, having knowledge of itself, will 
consider that he has reached perfection—as apparently we now consider our- 
selves to have done. This is a matter of opinion. 

We pride ourselves today on our greatly increased stature developed over the 
past few hundred years. For what purpose? It just necessitates a bigger fox- 
hole to keep from being shot by the other guy. A genetic improvement? I some- 
times think—facetiously, I’ll admit—that we may be in more genetic danger to- 
day from automobiles and comic books than from radiation. 

But, laying all of these diversions aside, I think our course today is relatively 
clear. We must minimize our exposure to radiation. We must mazimize the 
benefits it offers to our health and our material well-being. These two aims are 
mutually contradictory as far as we know today. Radiation protection is not only 
a matter for science. It is a problem of philosophy, and morality, and the ut- 
most wisdom. What is the answer? I don’t know. No one does. 


(Mr. Taylor’s statement—continued.) 


I would like at the outset to correct the general impression that radiation 
hazard is a new problem. It is not. The problem of radiation protection has 
been under continuous study for nearly 30 years and the setting of permissible 
dose levels has kept apace with our knowledge and the seriousness of the prob- 
lem. The present is no exception. 

In 1928 the International Commission on Radiological Units and Measure- 
ments established the basic radiation units necessary to put protection standards 
on a quantitative basis. They have revised the units and concepts as necessary 
to cope with the rapidly changing problems. 


Exursit 12, ICRU History 
October 1956 
1. FORMATION 


The ICRU was formed in 1925 under the auspices of the First International 
Congress of Radiology, then meeting in London. The single factor having 
the most bearing on the formation of this Commission was the absence of any 
units of radiation dosage for use in therapeutic application of radium and 
X-rays. Up to that time, several units had been proposed and were in use in 
various countries but there was no international acceptance of anyone of them. 


2. MODE OF OPERATION AND HISTORY 


In its initial formation, the ICRU consisted of 2 representatives from each 
of the countries participating in the congresses of radiology. Of these 2 
members, 1 was expected to be a physicist and 1 a radiologist. As a matter 
of fact, about three-quarters of the members were primarily radiologists. Meet- 
ings of the ICRU were held during the International Congress. The con- 
tinuity of the Commission and the arrangement of meetings, agenda, etc., were 
in the hands of a secretary selected from among the Commission members. 
The meetings of the Commission were presided over by 1 or 2 honorary chair- 
men who were usually people of substantial scientific or radiological reputation 
from the country in which the meeting was held. Occasionally there were 
also honorary secretaries having no defined responsibilities. In general, these 
honorary positions were filled by persons having little or no contact with the 
radiological field and hence were honorary in the strictest sense of the word. 

Since there were of the order of 50 countries participating in each Inter- 
national Congress, the rules of the Commission permitted as many as 100 mem- 
bers. As a matter of fact, many countries made no attempt to designate mem- 
bers and the largest number meeting at any one time was 41. With such a large 
membership, it was extremely difficult to carry out the Commission’s work. As 
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a matter of fact, it usually developed that some 8 to 10 persons carried the load. 
On the other hand, many countries felt they should have a voice in the matter, 
with the result that there was an enormous amount of useless discussion at 
each of the meetings. 

Formal minutes of the meetings were not kept. It was considered that the 
report released by the Commission constituted its findings as well as its 
minutes. 

1925 


At the first meeting of the ICRU in London in 1925, some tentative recom- 
mendations were made with the idea that they would be considered for action 
at the next meeting in 1928, at which the full membership would be present. 


1928 


The second meeting of the ICRU was held in Stockholm in 1928 at which time 
there were about 40 members present. At this meeting, the Commission adopted 
the definition of the unit of X-ray dose known as the roentgen. This was an 
extremely important step forward and for the first time it was made possible 
to measure radiation in all countries in terms of the same unit. This unit has 
continued in use to the present time with only minor modifications. 


1931 


The third meeting of the ICRU was held in Paris in 1931 at which time 39 
members were present. Between these meetings, international comparisons of 
X-ray standards were carried out, one in 1928 by Behnken using a portable 
thimble chamber, and one in 1931 by Taylor using a portable primary standard. 
As a result of these intercomparisons, the ICRU in 1931 made some specific 
recommendations regarding the general characteristics of primary X-ray 
standards and of the radiation quality ranges over which these standards were 
to be used. This then marked the first time that there was substantial agree- 
ment regarding the basic characteristics of primary radiation standards. 

Beginning in 1931, in addition to the members designated by the member 
eountries of the Congress, the Commission also included in its membership 
representatives designated by each of the recognized national laboratories. At 
the time, this included the national laboratories of England, Germany, Sweden, 
and the United States. 

At the same time, it became evident that the large size of the ICRU made its 
deliberations unwieldy. It was therefore proposed that the continuity of pro- 
gram and the direction of the technical discussions be placed in the hands of a 
small group known as the executive subcommittee. This arrangement was put 
into effect for the following meeting. 


1934 


The fourth meeting was held in Zurich in 1934, and was preceded by an in- 
formal meeting of the executive subcommittee, then consisting of five persons 
plus a secretary. At this meeting, it was agreed that the affairs would be 
managed by the executive subcommittee, with the secretary of the executive 
subcommittee responsible for the records and continuity between congresses. 
By this mechanism, the essential technical agreements were reached by the 
executive subcommittee, and the meeting with the total membership of 33 was 
mainly for the purpose of accepting and ratifying the previously developed 
recommendations. 

1937 


The fifth meeting of the ICRU was held in Chicago in 1937, with 41 members 
attending. Again at this meeting, the executive subcommittee was in full opera- 
tion and the affairs were conducted expeditiously. There were no important 
units recommendations made as a result of the 1934 and 1937 meetings other 
than those relating to some details in the definition of the roentgen. There was 
developed at this time the first pattern for a more adequate description of radia- 
tion treatment conditions. This was designed to take into consideration all of 
the many factors necessary for a description of a radiation treatment. These 
treatment recording recommendations have been continued since that time but 
have undergone some modification at almost every meeting of the Commission, 

Fifteen years lapsed before the next meeting, during which time World War II 
had been in progress, and many of the original members of the Commission had 
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either died or been killed. During this interim period Taylor, as secretary of 
the Commission, had kept abreast of developments in the field preparatory to 
reviving the Commission’s operations. 

In reorganizing the Commission, it seemed advisable to change its basis of 
membership selection in order to avoid the handicap of working with such large 
numbers. In advance of the fifth congress, discussions were held between 
L. 8. Taylor and W. V. Mayneord and it was agreed that a membership of about 
12 would be desirable. With this number, it would no longer be necessary to 
have an executive subcommittee. This suggestion was put to the past president 
of the fourth congress and the incoming president of the fifth congress, and 
was tentatively accepted by them subject to later approval by the International 
Executive Committee of the Congress. Approval was obtained during the 1950 
congress in London. 

1950 


The reorganized Commission held its sixth meeting in London in 1950. At 
this meeting a set of rules was developed governing the membership and the 
work of the ICRU. The rules limited the membership of the Commission to a 
chairman and 12 additional members, selected for their recognized technical 
ability without regard to nationality. They also insured a reasonable turnover 
in membership, yet at the same time provided for adequate continuity of 
membership. 

In its 1950 recommendations, the ICRU recognized for the first time the need 
for absolute measurements of radiation based on calorimetry or other funda- 
mental techniques. It recognized further that the Commission was not in a 
position at that time to make any specific recommendations but the way was 
prepared for introducing improvements at a later time. There was also devel- 
oped a more completed section on the specification for the description of X-ray 
treatments. 

For the year or 2 prior to the 1950 meeting, the American and British Units 
Committees had been very active in the development of the concepts of energy 
measurements as applied to radiological problems. These were widely circulated 
well in advance of the meetings with the result that at the 1950 meetings, it was 
relatively easy to bring about substantial agreement between the different view- 
points prevailing. This advance action paved the way for the acceptance of the 
new energy unit for dose proposed later by the Americans and British. 


1952 


In 1952, a joint meeting was held in Stockholm between the ICRU, the ICRP, 
and the UNESCO Joint Committee in Radiobiology. This meeting was primarily 
for the purpose of discussing the genetic aspects of radiation. While it was 
agreed that no specific recommendations would be made as a result of these 
meetings, it is interesting to note that the general findings were substantially 
the same as those made in 1956 by the ICRP and by the National Academy of 
Sciences. 

1953 


The seventh meeting of the ICRU was held in Copenhagen in 1953 with 12 
members attending. The most important outcome of this meeting was the intro- 
duction of a new basic unit for the measurement of radiation dose. This unit, 
known as the rad, was designed to place the measurement of dose on the basis 
of first principles. The reason for this was related to the fact that we were 
using energies very much higher than was ever dreamed of in the thirties, and 
for which the roentgen is not always the most suitable unit of measurement. 
It was clearly recognized during these meetings that much more information 
needed to be provided before the rad could be regarded as a practical unit. How- 
ever, between 1953 and 1956, its attractions became evident and it has begun 
to appear regularly in the radiological literature. 

The Commission established two subcommittees to provide more concentrated 
studies in the fields of X-ray standard and standards of racioactivity. Dr. W. J. 
Oosterkamp (Netherlands) served as chairman of the Subcommittee on X-ray 
Standards, and Dr. B. Rajewsky (Germany) as chairman of the Subcommittee 
on Standards of Radioactivity. 

During the 1953 meetings, the Commission held its first symposium at which 
invited papers were presented on current work in radiation units and measure- 
ments. This provided an opportunity to discuss at open meetings the work being 
done in yarious countries and the problems that require further investigation. 
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1955 


In 1955, an informal meeting of the ICRU was held in Geneva during the 
International Conference on the Peaceful Uses of Atomic Energy. This was 
attended by those members present at the conference ; and was mainly in prepara- 
tion for the formal meeting to be held the following year. 


1956 


The eighth meeting of the ICRU was held in Geneva in the spring of 1956. 
This marked the first time that the Commission had met separately from the 
meetings of its parent organization—the International Congress of Radiology. 
Meetings were held jointly with the ICRP and extended over a period of 12 days. 

Another departure at these meetings was the fact that they were held with 
the assistance of the World Health Organization. This resulted from contacts 
made during the preceding few months, when the WHO had indicated its need 
for technical advice in the field of radiation units and protection. During the 
course of the meetings, the Commission accepted the invitation of WHO to enter 
into an official relationship as a nongovernmental participating organization. 
As a result of this relationship, the ICRU is now recognized by the World Health 
Organization as its body of technical advisers in the field of radiological units 
and measurements. 

The meetings were attended by the 10 members and the chairman of the main 
Commission; 11 subcommittee members and 5 subcommittee consultants were 
also in attendance. 

The report of the ICRU developed during the 1956 meetings represents the 
most complete effort thus far. In addition to some degree of clarification of the 
different units used in measuring radiation dose, the report will include for the 
first time a large body of technical data. It also will include extensive discus- 
sions and instructions regarding the problems met in introducing the new energy 
units into medical and biological practice. 

It was also agreed that some interim secondary standards of radiation meas- 
urement should be developed and made available to any countries requiring 
calibration of its equipment. The National Bureau of Standards (United States) 
agreed to undertake the responsibility for the development and construction of 
this equipment. 

The committee structure of the Commission was reorganized and enlarged, 
and patterned very ciosely after that developed recently by the National Com- 
mittee on Radiation Protection and Measurements in the United States. Asa 
result, there are now the following four committees : 

Committee I: Standards and Measurement of Radioactivity for Radiological 
Use. Chairman: W. E. Perry, United Kingdom. 

Committee II: Standards and Measurement of Radiological Exposure Dose. 
Chairman: H. O. Wyckoff, United States. 

Committee III: Measurement of Absorbed Dose and Clinical Dosimetry. Chair- 
man: L. H. Gray, United Kingdom. 

Committee IV: Standard Methods of Measurement of Characteristic Data of 
Radiological Equipment and materials. Chairman: B. Combée, Netherlands. 
In order to better describe the Commission’s scope of activities, it’s name was 

changed at this time to International Commission on Radiological Units and 

Measurements (ICRU). 

During the meetings, 2 half-day symposiums were held _ the purpose of pre- 
senting and discussing 17 reports on specialized problems in the field of radiation 
units and measurements. The symposiums were arranged by the ICRU, and 
through the assistance of the World Health Organization, were held in the U. N. 
buildings. They were attended by some 75 persons including members of the 
ICRP and its subcommittees. 

For a period of 3% days following the commission meetings, selected members 
of the ICRU met with a WHO study group to consider on a worldwide basis how 
the recommendations of the ICRU might better be implemented. As a result of 
this study, the WHO will take active steps to disseminate on a worldwide basis 
the recommendations developed by the ICRU. 


1956 


An informal meeting of the ICRU was held in Mexico City in the summer of 
1956 during the Seventh International Congress of Radiology. Seven members 
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who were in attendance at the congress met to work on some of the phraseology 
of the report which had been developed in Geneya. 

At the time of writing, preparations are going forward for a joint meeting of 
the ICRU and ICRP to be held in New York October 81 to November 7, for the 
purpose of discussing a number of problems to be studied for the U. N. Scientific 
Committee on the Effects of Atomic Radiation. 

Listed below are the formal meetings of the ICRU held since its inception, the 
number of members in attendance, and the commission officers. (The officers 
listed were in office at the time of meeting. Terms of new officers begin after 
confirmation of their election during the international congress, and continue 
for a 3-year period corresponding to the interval between congresses. Honorary 
chairmen are not listed.) 











Date and place of meeting Members Officers 
present 
SOE, Pe ee ene (?) E. A. Owen (United Kingdom), secretary. 
1928, Stockholm............-..- 40 Do. 
Pe PE 25 banda shes ceca 39 Do. 
eee eee 33 | Do. 
ee 4! | L. S. Taylor (United States), secretary. 
Be, A coin ndcadecunccen 13 | W. V. Mayneord (United Kingdom), chairman; L. §. Tay- 
lor (United States), secretary. 

1953, Copenhagen.............- 12 Do. 
SOG SG ok ck cocrecncese 111 | L. S. Taylor (United States), chairman; W. J. Oosterkamp 


(Netherlands), secretary. 





1 Main commission only, 11 subcommittee members and 5 subcommittee cons ]tants were also present. 


The Eighth International Congress of Radiology is scheduled to met in Munich 
in 1959. The next formal meeting of the ICRU has not been scheduled and may 
be held prior to the congress. It is expected that committees of the ICRU will 
meet more frequently than the main commission to expedite the completion of 
their special studies, For the period 1956-59, the membership of the main com- 
mission numbers 13, and that of the 4 committees (including consultants) will 
be approximately 40 to 50. Officers of the main commission for this period are 
L. S. Taylor (United States), chairman; L. H. Gray (United Kingdom), vice 
chairman; H. O. Wyckoff (United States), secretary. 





(Mr. Taylor’s statement—continued. ) 


Beginning in 1928, the International Commission on Radiological Protection 
has set standards and protection procedures on an international basis. 


Exuipit 13. ICRP History 
October 1956 
1, FORMATION 


The ICRP was formed in 1928 under the auspices of the Second International 
Congress of Radiology then meeting in Stockholm. The formation of an inter- 
national protection committee had been discussed by the first congress in 1925 
but no active steps had been taken at that time toward this end. 

During the second congress, plans for organizing an international protection 
committee were developed by G. W. C. Kaye and Stanley Melville (Great Britain). 
and L. S. Taylor (United States). Dr. Gustav Grossman (Germany) and 
Dr. Rolf Sievert (Sweden) were brought into the discussions and plans were 
completed for the organization of a committee. Their proposal and organiza- 
tion plan were presented to the second international congress and were approved. 
The committee was named the International X-Ray and Radium Protection 
Committee, and its membership consisted of the five individuals who planned 
the organization, 

2. MODE OF OPERATION AND HISTORY 


Because of the experience of the ICRU with its large and unwieldy member- 
ship, the committee decided at the outset to keep its membership as small as 
possible. It also decided to include in its membership only people who were 
working actively in the general field of radiation protection. For this reason, 
the initial committee consisted of only five persons. This was enlarged for the 
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next congress by adding Dr. Iser Solomon of France and Dr. Pugno-Vanoni of 
Italy. 

The ICRP, because of its small size, was operated much more informally than 
the ICRU. The chairman from 1928 through 1937 was Dr. G. W. Kaye, then 
of the National Physical Laboratory, and the honorary chairman Dr. Stanley 
Melville. It might be remarked (with some interest in view of later events) 
that at the time of its formation the problem of radiation protection was not 
considered to be as important or as serious as that of radiation units. Members 
of the ICRP felt that the problem would grow and sought to be prepared. 


1928 


The committee held its initial meeting in 1928 for the purpose of adopting 
some interim protection regulations. Until that time, the only clearly formu- 
lated recommendations were those prepared a few years earlier by the British 
committee. These were used as a basis for discussion. The first recommenda- 
tions of the committee were very similar to the early British proposals, and 
until 1950 its recommendations were patterned around these early British 
recommendations. 


1931 


The second meeting o*% the committee took place in Paris in 1931 and was 
attended by all seven members. At this meeting, there was some discussion of 
the possibility of introducing so-called tolerance levels of radiation for radiation 
workers. This was recognized as desirable, but with very little evidence to go 
on, no specific recommendations were made, 


1934 


The third meeting took place in Zurich in 1934 and was again attended by all 
seven members. This meeting was notable because there was established for 
the first time a permissible level of radiation exposure. This was related to 
the newly established unit of X-ray dose—the roentgen. The level then set 
was 0.2 roentgens per day. (It might be noted that the year following this, the 
National Committee on Radiation Protection in the United States recommended 
a lower level of 0.1 roentgen per day.) 


1937 


The fourth meeting was held in Chicago in 1937 with the same seven members 
attending. 

Throughout the period 1928 through 1937, the main work of the committee 
consisted of gradually enlarging and extending the recommendations originally 
developed at its first meeting. Until then, the main item of the protection 
recommendations was the specification of the thicknesses of barriers of various 
materials that should be interposed between a source and an individual in order 
to assure adequate protection. Prior to the establishment of the permissible 
dose in 1934, these barrier thicknesses had been somewhat arbitrary. In 1934 
and again in 1937, the relationship of the barrier thickness to the actual dose 
in roentgens was clarified and was put on a sound quantitative basis. 

Following the deaths of both the chairman and the honorary chairman, L. 8. 
Taylor acted as secretary for the committee until its next meeting which was 
not to oecur until 1950. 

Under circumstances similar to those of the ICRU, the ICRP was reorganized 
in 1950 on a different basis from that which prevailed before the war. By that 
time, the questions of radiation protection had assumed far greater importance 
than it had earlier. This, of course, was due to the advent of atomic energy. 
The Committee was enlarged in size to 12 members in order to better deal with 
the problems facing it. The new membership was made up of individuals hav- 
ing recognized standing in the field without regard to nationality, and its oper- 
ating rules were made the same as those of the ICRU. At this time, its name 
was changed to International Commission on Radiological Protection. 


1950 


The ICRP held its fifth meeting in London in 1950, attended by 9 members 
and a chairman. Between 1946 and 1950, a large body of protection informa- 
tiou had been prepared by the NCRP in the United States, having to do with 
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exposure of the whole body to radiation from both external and internal 
sources. The NCRP had also developed considerably more details in the gen- 
eral field of X-ray protection. This large background of information was used 
as a basis for discussions of the ICRP which resulted in the development of its 
1950 report. It should be mentioned that an extensive interchange of this 
information had previously been accomplished through the medium of the tri- 
partite conferences between the United States, Canada, and England. The 
results of these conferences were in turn based to a considerable extent on data 
developed during the Manhattan District days. 

With the availability of this new information, the ICRP lowered the maxi- 
mum permissible dose for radiation workers from 0.2 r/day (in use since 1934) 
to 0.3 r/week. The report also included for the first time maximum permissible 
concentrations in the body of approximately ten radioactive isotopes. 

Because of the very large task confronting it, the ICRP established sub- 
committees to deal with special phases of the radiation protection problem, their 
general structure following that developed a few years earlier by the NCRP. 
This arrangement has greatly facilitated the development and presentation of 
information. 

1952 


An interim meeting of the ICRP was held in Stockholm in 1952, with the 
ICRU and the UNESCO Joint Committee on Radiobiology. At this time, the 
major subject under consideration was the possible genetic effects of radiation. 
The meeting was attended by a number of geneticists from several countries. 
At this time, it was recognized that the genetic effects of radiation were becom- 
ing better understood and should be taken into consideration. Figures were 
discussed for an average per capita dose for a large population. However, 
because there was very little agreement between the geneticists themselves, and 
because of the meager information available on this question, it was decided not 
to make any specific recommendations. (It is interesting to note, however, that 
the recent recommendations made on this question in 1956 by the ICRP and by the 
National Academy of Sciences and other groups give approximately the same 
range of figures as those discussed at the Stockholm meeting in 1952. 


1953 


The sixth meeting of the ICRP was held in Copenhagen in 1953. This was a 
joint meeting with the ICRU and was held during the week preceding the opening 
of the International Congress. Most of the representatives on the subcom- 
mittees also met. 

The report of the commission as developed during these meetings marked a 
radical departure from all others. Its total size was 92 pages and it included 
a great amount of detail never before agreed upon on an international basis. 

The main body of the report consisted essentially of the reports of its five 
subcommittees: 


1. Permissible Dose for External Radiation 

2. Permissible Dose for Internal Radiation 

8. Protection Against X-rays Generated at Potentials Up to Three Million Volts 

4. Protection Against X-Rays Above Three Million Volts, Beta Rays, Gamma 
Rays, and Heavy Particles Including Neutrons and Protons 

5. Handling and Disposal of Radioactive Isotopes 


The recommendations on permissible dose from external radiation were some- 
what broadened over those previously made, but the basic permissible exposure 
level of 0.3 r/week was reaffirmed. 

Subcommittee 2 gave the maximum permissible concentrations of radioactive 
materials in the body, air, and water for nearly 100 radioactive isotopes, and 
included a large body of reference material. 

Subcommittee 3 produced a very detailed report applying to both medical and 
industrial radiology, and included recommendations regarding radiation levels 
from special devices such as television receivers. 

Subcommittees 4 and 5 issued brief reports; much of the material in their 
areas was still in an unsatisfactory state at that time. 

With the development of this detailed report, a new problem arose. Previ- 
ously the reports had been relatively short and could be published as a few pages 
in any of the technical journals. However, this report was too large to be 
published in this manner, and for some time there was uncertainty as to whether 
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or not it could be published in its entirety. Eventually it was published as a 
supplement to the British Journal of Radiology. This had to be underwritten, 
and for this purpose, some funds were obtained from the British electrical 
industry. 

Further difficulty arose because of the expense of carrying out the duties of 
the secretariat of the ICRP. This expense was borne first by the National 
Physical Laboratory and then by the British Medical Research Council. All 
other expenses of the operation were handled on a voluntary basis with the parent 
organization of the individual members bearing their expenses. 


1956 


The seventh meeting of the ICRP took place in Geneva in March 1956, and was 
held jointly with the ICRU over a period of 12 days. 

The report developed in 1953 was not changed in principle. However, greater 
emphasis was placed on the earlier cautions to keep radiation exposure levels 
as low as possible regardless of the weekly limits permitted. It was specifically 
recommended that the accumulated exposure of occupational workers be kept 
below 50 rem up to age 30. The compilation of permissible concentrations of 
radioactive isotopes in the body and in the air and water was considerably en- 
larged to include nearly 200 radioactive isotopes. A new subcommittee was 
established, in place of the former Subcommittee V, to deal with the problems of 
radioactive waste disposal. 

During these meetings, the Commissions’ affiliation with the World Health 
Organization as a nongovernmental participating organization in the WHO pro- 
gram was ratified. This affiliation came about as a result of contacts made in 
the fall of 1955 between the World Health Organization and the ICRP with a 
view to determining if the latter would participate in the WHO activities. The 
matter was taken up with the members by correspondence, and it was agreed 
that the ICRP should give its assistance to WHO. Under the arrangement made, 
the WHO will not influence the operation of the ICRP but will look to it for 
guidance in matters of radiation protection. 

During the meetings, the relationships between the ICRP and the ICRU were 
more firmly established. They have always operated as separate commissions 
but since their inception they have always met at the same time and have main- 
tained close collaboration. There has also been a certain degree of overlap in 
membership. There is now a clear statement of policy that the two Commis- 
sions will work together and consult one another on matters of common interest. 

There were also extensive discussions regarding the possibility of forming an 
international protection organization, to be privately financed so as to avoid any 
nationalistic or political influence. If such an organization were formed, the 
ICRU and ICRP would be blended into the one organization. No attempt was 
made to work out the details of such an arrangement, but no difficulties in doing 
this are foreseen. 

It was agreed that if such an organization were established, it should have 
some semiofficial ties with WHO and U, N. without becoming a part of their 
organization or subject to their direct control. It is felt that one of the strongest 
points of both Commissions is their freedom to select membership without regard 
to matters of national policy or other such influences. ; 

Following the meetings of the ICRP in Geneva, a 31% day joint session was 
held by some of its members, some members of the ICRU, and representatives 
from the WHO. The main purpose of this meeting was to outline to WHO the 
nature of the ICRP work and to point out ways in which WHO might assist in 
the worldwide implementation of the recommendations of the Commission. A 
number of specific recommendations were made to WHO and it is believed that 
they are taking steps to follow these through. 

As of the time of writing, the 1956 report of the Commission has not been 
officially released. There is again the problem of financing the publication costs. 
In this connection, WHO has offered to indirectly subsidize the publication by 
guaranteeing the purchase of 500 copies of the report; this will offset the costs 
to some extent. 

Listed below are the formal meetings of the ICRP held since its inception, the 
number of members in attendance, and the Commission officers. (Officers listed 
were in office at the time of meeting. Terms of new officers begin after con- 
firmation of their election during the International Congress, and continue for a 
3-year period coresponding to the interval between Congresses, Honorary chair- 
men are not listed.) 
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Date and place of meeting Members Officers 
; present 





1928, Stockholm............... 5 | G. W. CO, Kaye (United Kingdom), Chairman. 

OR ONG oniccchimebuteiccitecss 7 Do. 

1934, —- stlnea id z oe 

eS 7 0. 

pee, CO Se aoe esceket 10 | E. Rock-Carling (United Kingdom), Chairman, L. 8. 
Taylor (United States), Secretary. 

1953, Copenhagen_............- 11 | E. Rock-Carling (United Kingdom), Chairman, W. Binks 
(United Kingdom), Secretary. 

2008, Genie s ccc 112 | Do. 


1 Main Commission only. Subcommittee membership totaled approximately 50: a substantial number 
of these were in attendance. 


The Eighth International Congress of Radiology is scheduled to meet in 
Munich in 1959. The next formal meeting of the ICRP has not been scheduled 
and may be held prior to the Congress. For the period 1956-59, the officers of 
the main Commission are R. Sievert (Sweden), Chairman; G. Failla (United 
States), Vice Chairman; W. Binks (United Kingdom), Secretary. 


(Mr. Taylor’s statement—continued.) 


The National Committee on Radiation Protection and Measurements be- 
ginning in 1929 has done the same for the United States on a continuing basis. 


Exuisit 14. NCRP History 
1929-46 
1, FORMATION 


The roots of the National Committee on Radiation Protection and Measure- 
ments go back to 1928 and are intimately related to the formation of the Inter- 
national Commission on Radiological Protection in July of that year. With the 
possibility in mind of forming an international organization on radiological pro- 
tection, the Second International Congress of Radiology, before meeting in Stock- 
holm in July 1928, invited several countries to send representatives to the Con- 
gress for the purpose of discussing protection problems and possibly preparing 
some initial X-ray protection recommendations. From the United States, L. 8. 
Taylor was designated as representative of the National Bureau of Standards, 
and one representative each attended for the American Roentgen Ray Society 
and the Radiological Society of North America. 

When attempts were made to reach agreement between the United States and 
other countries, serious difficulties arose. Each of our two radiological societies 
offered different recommendations and each claimed to be the authoritative body. 
The NBS had no recommendations to offer and was there more by way of an 
observer. AS a result, the recommendations that were in fairly acceptable form, 
prepared by the British protection committee, were adopted as the first inter- 
national recommendations. In the process, the United States delegates showed 
up rather poorly in that agreement could not be reached on who authoritatively 
represented the views of the United States. 

Germany presented a somewhat similar though not quite so serious a situation 
as had the United States, in that its representatives at the preliminary discus- 
sions also could not agree on who carried the necessary authority. 

Concurrent with the meetings of the Congress, G. W. C. Kaye and Stanley 
Melville (Great Britain) and L. S. Taylor (United States) set about to organ- 
ize a permanent structure for an international organization. After preliminary 
discussions, during which some general rules of organization were developed, 
the International Commission on Radiological Protection’ was organized, the 
membership consisting of the above-mentioned persons, Dr. Rolf Sievert of 
Sweden and Dr. Gustav Grossman of Germany. It was agreed by this group 
that the Commission should be kept small, and that wherever possible, repre- 
sentatives to the Commission should be chosen from national laboratories where 
such laboratories existed in member countries. This arrangement and the 
general philosophy of operation of the Commission was approved by the Second 


International Congress of Radiology before the close of its sessions. 


1 Until 1946, the Commission was called the International X-ray and Radium Protection 
Committee. 
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Because of the confusion regarding accredited representation, introduced 
primarily by the United States but also by Germany and to a lesser extent by 
France, the chairman of the ICRP, Dr. G. W. C. Kaye, recommended that a 
single central committee be established within those countries having more 
than one radiological organization for the purpose of consolidating national 
recommendations for presentation at the next meeting of the Commission. It 
was suggested that the members of the ICRP take this up individually with 
the various groups in their countries. 

As the United States representative to the international protection group, 
it became the responsibility of L. S. Taylor, to convey its recommendations to the 
various groups involved in this country, to convince them of its soundness, to 
obtain their approval and suggestions, and to organize a national committee 
which could deal most effectively with the protection problems faced at that 
time. 

In September 1928, this question was discussed informally with the president 
of the American Roentgen Ray Society, at its annual meeting in West Baden, 
Ind. Similar discussions were held with the president of the Radiological So- 
ciety of North America in December of that year. As a result of these dis- 
cussions, these organizations agreed to consolidate their protection activities 
into a single committee. They further recommended that the committee’s 
activities be centralized at the National Bureau of Standards for the following 
reasons: 

(1) It had by that time established a definite long-range program in the 
general field of radiation protection ; 

(2) It had the only laboratory in the country as its primary interest the 
development of radiation-protection data and information ; 

(3) It had no intersociety or political ties and therefore could be expected to 
retain an independent position and viewpoint; and 

(4) It provided the official United States representative to the International 
Commission on Radiological Protection. 

The two radiological societies each recommended a physicist and a radiologist 
for membership in the proposed national committee, and the American Medical 
Association appointed a member to represent its viewpoints. It was also felt 
that representation of the X-ray equipment manufacturers would be desirable 
and each of the manufacturers was asked to nominate candidates for this rep- 
resentation. Of the nominations received, the manufacturers then chose two to 
serve as their representatives. 

Thus, early in 1929, the initial organization of the Advisory Committee on 
X-ray and Radium Protection was established with L. S. Taylor acting as chair- 
man and with the following participating organizations and representatives: 


American Roentgen Ray Society: H. K. Pancoast and J. L. Weatherwax 
Radiological Society of North America: R. R. Newell and G. Failla 
American Medical Association: Francis Carter Wood 

X-ray equipment manufacturers: W. D. Coolidge and W. S. Werner 
National Bureau of Standards and ICRP: Lauriston S. Taylor 


2. HISTORY 


The first meeting of the Committee was held in September 1929, during the 
annual meeting of the American Roentgen Ray Society. As its first objective, 
the Committee undertook the preparation of recommendations on X-ray pro- 
tection. These were published on May 16, 1931, as National Bureau of Standards 
handbook 15. 

The next effort was directed toward the preparation of recommendations on 
radium protection. For this purpose, Dr. L. F. Curtiss was named to the 
Committee as the NBS representative for radium protection recommendations, 
and Dr. C. F. Burnam as the representative of the American Radium Society. 
The first handbook on radium protection, NBS handbook 18, was prepared by 
Drs. Curtiss, Burnam, Failla, Newell, Weatherwax, and Wood, and was pub- 
lished March 17, 1934. 

Soon after the publication of handbook 15 on X-ray protection, very rapid de- 
velopments were made in the X-ray fleld; by 1934 or 1935 it was recognized that 
this handbook would have to be revised. This task was undertaken by the 
original Committee, except for the replacement of Dr. Pancoast by Dr. Eugene 
P. Pendergrass as representative of the American Roentgen Ray Society. The 
revised recommendations were issued in July 1936, as NUS handbook 20, 
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It might be worth noting that in this handbook, there appeared for the first 
time the recommendation of a specific permissible exposure level (then called 
tolerance dose) of radiation that could be allowed for occupational exposure. 
The figure recommended was 0.1 roentgen per week. This permissible exposure 
level remained in force for 12 years and was used by the Manhattan District in 
its operations. It was subsequently changed as a result of NCRP action in about 
1948. 

The revision of handbook 18 on radium protection was next undertaken and 
the new handbook (H 23) was issued August 25, 1938. 

These two handbooks, H 20 and H 23, were accepted in this country as the 
primary guides for protection against X-rays and the radiations from radium. 
As noted above, they were also the primary guides in this field to the Manhattan 
project. 

Through the war years, there was no formal activity by the Advisory Com- 
mittee. During that time, however, most of the members of the Advisory Gom- 
mittee were drawn into the Manhattan District program and it was largely 
through their efforts that uniform safety regulations prevailed during that 
period. 

During its early activities, it was customary for the full committee to work 
together on the development of protection recommendations. When completed, 
the recommendations were submitted through their respective representatives 
to the participating organizations for noting and approval. Formal approval 
was usually given at one of the regular business meetings of the societies. With 
the NBS as sponsor of the committee, the recommendations were published by 
the Government Printing Office as National Bureau of Standards handbooks thus 
receiving the usual NBS editorial processing. 

In September 1946, an informal meeting of the Advisory Committee was held 
to discuss the extensive revision needed in the X-ray protection recommenda- 
tions, particularly in the upper veltage regions. At this meeting, it was pointed 
out that protection problems had become too complex to permit their study and 
solution by the Committee as then constituted. It was recommended that steps 
be taken to secure the participation in this work of additional groups such as 
the Manhattan District and United States Public Health Service, military de- 
partment, etc. This recommendation was presented to Dr. Condon, then Di- 
rector of NBS, who communicated with the Manhattan District and the Public 
Health Service on October 8, 1946, inviting their participation through appoint- 
ment of 2 representatives each (1 psysicist and 1 radiologist). In response to 
this invitation, in October 1946, Dr. Stafford L. Warren and Dr. K. Z. Morgan 
were appointed as representatives of the Manhattan District, and the Public 
Health Service named Dr. Howard L. Andrews and Dr. E. G. Williams. 

The first formal postwar meeting of the committee was held on December 4, 
1946. In the agenda for this meeting, it was pointed out that new data had 
become available since the issuance of the recommendations on X-ray protec- 
tion, and that many new protection problems had arisen with the rapid expan- 
sion in the radiation yield (protection against neutrons, multi-million-volt X- 
rays, radioactive isotopes, etc.). It was suggested that the scope of the work 
be defined; and that consideration be given to organizing small working groups 
to deal with each of the problems, their completed reports to be submitted to 
the committee for approval. 

8. ORGANIZATION 


Discussions along these lines were held at the December 4, 1946, meeting, and 
as a result, it was agreed that the committee should be substantially enlarged 
and reorganized. At the same time, it was felt that the name of the committee 
should be made more inclusive and it was therefore renamed National Committee 
on Radiation Protection. The National Bureau of Standards was reaffirmed 
as the central coordinating agency for the work of the committee; sponsorship 
by an impartial agency was felt to be particularly advantageous in view of 
the various types of participating organizations (radiological societies, industry, 
government, and the possible inclusion of industrial and labor groups). 

The general organization and operational procedures outlined below were 
agreed upon at this meeting, and have been the basis for the continuing opera- 
tion of the committee: 

1. The committee would consist of an executive committee, main committee, 
and as many subcommittees as necessary to consider the problems that come 
within the committee’s scope. 





RADIOACTIVE FALLOUT AND ITS EFFECTS ON MAN 845 


2. The executive committee would be composed of five members appointed 
by the chairman and subject to the approval of the main committee. The 
committee chairman would act as chairman of the executive committee. 

3. The main committee would be composed of (1) technically qualified rep- 
resentatives appointed by organizations interested in the scientific and technical 
aspects of radiation protection, (2) representatives at large whose services are 
felt to be of special value, appointed by the executive committee and (3) chair- 
men of subcommittees. 

4. The choice, of chairmen and members of subcommittees would not be 
restricted to members of the main committee but would be based on the particular 
qualifications needed for the work. (In organizing subcommittee memberships, 
the following practice has been and still is followed: The subcommittee chairman 
is selected by the committee chairman with the approval of the executive com- 
mittee; the subcommittee chairman chooses his working group, makes informal 
contacts, and submits to the committee chairman his membersbip selections; the 
committee chairman issues formal membership invitations to serve on the sub- 
committees. Additions may be made to the subcommittee membership if par- 
ticular specialized information is found to be needed, or individuals may be 
invited to serve as consultants to the group with due acknowledgment of their 
assistance included in the published recommendations. ) 

5. The final reports of the suhcommittees would be submitted to the executive 
and main committees for approval. Because of the high degree of success of 
the NBS handbook series, it was recommended that this mode of publication and 
distribution to the publie be continued. 

Because of the reorganization and enlargement of the committee, the chair- 
manship was thrown open for reconsideration . L. S. Taylor was nominated and 
approved by vote to continue indefinitely in this capacity. 

Discussions were held regarding the organizations that might appropriately 
be invited to participate and the suggestions made were used as a basis for the 
subsequent enlargement of the representation on the main committees, 

It was agreed to establish the following subcommittees: 

1. Permissible external dose 

2. Permissible internal dose 

3. X-rays up to 2 million volts 

4. Heavy ionizing particles (neutrons, protons, and heavier) 

5. Electrons, radium, and X-rays above 2 Mey. 

6. Radioactive isotopes, fission products, including the handling and disposal 
7. Monitoring methods and instruments 

With the formulation of these basic philosophies, the committee began its 
active program. Its accomplishments and growth since its reorganization in 
1946 can be seen by the appended list of handbooks published to date, and the 
appended membership list showing the present representation, subcommittee 
structure, and complete membership. 


Recommendations of NCRP, 1931-55 


NBS Hand- Title Date 
book No. 
ss caeed X-ray protection: Superseded by H-20.............-.......----.-----... May 16, 1931. 
We ee Radium protection for amounts up to 300 mg.: Superseded by H-23-_.--. Mar. 17, 1934. 
re x-ray protection: Gupersetied by 8-41... 2.25. oon ccc cnn en nunes July 24, 1936. 
TES cdcienns Radium protection: Superseded by H-54........-...-.-.---.--.------.-- Aug. 25, 1938. 
Wt cinakioneios X-ray protection up to 2,000,000 volts: Superseded by H-60_..........-.- Mar. 30, 1949. 
| ete Safe handling of ra joactive isotopes a a er aa ae September 1949. 
WR hades Control and removal of radioactive contamination in laboratories....----| Dee. 15, 1951. 
WD cc ix Recommendations for waste disposal of phosphorus 32 and fodine 131 | Nov. 2, 1951. 
for medical users, 
eo iecSacts Radiological monitoring methods and instruments. -.-......-.-.-------- Apr. 7, 1952. 
Wo vcncdcabios Maximum permissible amounts of radioisotopes in the human body and | Mar, 20, 1953. 
maximum permissible concentrations in air and water. 
63_...........| Recommendations for the disnosal of carbon 14 wastes_..........-------- Oct. 26, 1953. 
OR ccecsacded Protection against radiations from radium, cobalt 60, and cesium 137..__| Sept. 1, 1954. 
icine Protection against betatron-synchrotron radiations up to 100,000,000 | Feb. 26, 1954. 
electron volts. 
ec cibcuwene Safe handling of cadavers containing radioactive isotopes__..........-.-- Oct. 26, 1953. 
ee Radioactive-waste disposal in the ocean. ..-...-.------..---..-.------.-- Aug. 25, 1954. 
Sicwkadaausnn Permissible dose from external sources of ionizing radiation.............- Sept. 24, 1954. 
Wscesdioacs I RE RDN so oa oa nae ree eu ane akoebelccsctoecedseds Dee. 1, 1955. 


ee ee Regulation of radiation exposure by legislative means. _.-.......-.-.---- Dee. 9, 1955. 


Ores eeems,—0_— 0 90 oO Oo" 
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Exuisit 15. List or Reports or NCRP 


REFERENCES 


NBS Circular No. 374, X-ray and radium protection. (Recommendations of the 
International Congress of Radiology, January 1929) 
Handbooks 
18 Radium Protection for Amounts up to 300 Milligrams, 1934 
20 X-Ray Protection, 1936 
23 Radium Protection, 1938 
41 Medical X-Ray Protection up to Two Million Volts, 1949 
42 Safe Handling of Radioactive Isotopes, 1949 
47 Recommendations of the International Commission on Radiological 
Protection and of the International Commission on Radiological 
Units, 1951 
48 Control and Removal of Radioactive Contamination in Laboratories, 
1951 


49 Recommendations for Waste Disposal of Phosphorus 32 and Iodine 
| 131 for Medical Users, 1951 

5 X-Ray Protection Design, 1952 

51 Radiological Monitoring Methods and Instruments, 1952 

52 Maximum Permissible Amounts of Radioisotopes in the Human Body 
and Maximum Permissible Concentrations in Air and Water, 1953 

53 Recommendations for the Disposal of Carbon 14 Wastes, 1953 

54 Protection Against Radiations From Radium, Cobalt 60, and Cesium 
137, 1954 

55 Protection Against Betatron-Synchroton Radiations up to 100 Million 
Electron Volts, 1954 

56 Safe Handling of Cadavers Containing Radioactive Isotopes, 1953 

57 Photographie Dosimetry of X- and Gamma-Rays, 1954 

58 Radioactive-Waste Disposal in the Ocean, 1954 

59 Permissible Dose From External Sources of Ionizing Radiation, 1954 

60 X-Ray Protection, 1955 

61 Regulation of Radiation Exposure by Legislative Means, 1955 

62 Report of the International Commission on Radiological Units and 


Measurements (ICRUO 1956) 


CURRENT HANDBOOKS IN PROCESS 


Handbooks 

59 Modification A * 

52 Modification A—Al|so increasing coverage from 100 to 300 radioisotopes 
and revising some of the old MPC’s 

60 Modification A * 

63 In Press. “Protection Against Neutrons” 

= “Safe Handling of Radioactive Isotopes’—complete revision of H-42 

54 Modification A * 

61 Modification A * 

re “Incineration of Radioactive Waste’—completion in about 6 months 
= “Protection Against High Intensity, High Energy Electrons”—mainly 
) for food sterilization programs 

| 56 Modification A? 

50 Modification A? 

Se “Radiation Exposure Under Emergency Conditions’—treatment of 
problem of large and small radiation doses mainly under civil 
defense or civil disaster conditions 

i RBE Values for All Radiations 
; 


1 Modification mainly to reflect the new permissible dose levels of January 8, 1957. 


(Mr. Taylor’s statement—continued.) 


Since the war the recommendations of the ICRP have been guided, in a large 
i measure, from those developed by the NCRP and the international recommenda- 
tions and standards reflect pretty generally the United States standards, This is 
not surprising when one considers that the shaping of the program and the 
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chairmanship of some of the committees on the ICRP are in the same hands 
as of corresponding subcommittees of the NCRP. 


ExHIsiT 16. RELATIONSHIP BETWEEN THE WORK OF THE NCRP AND THE INTER- 
NATIONAL COMMISSIONS 


OcrToBER 1956. 


RELATIONSHIP BETWEEN THE WORK OF THE NCRP AND THE INTERNATIONAL 
CoMMISSIONS 


As noted in the foregoing, the NCRP has been a very active continuing 
organization since its inception in 1929. Also because of the very much greater 
activity in the radiation field in the United States as compared with most other 
countries, the NCRP has been able to develop much more detailed information 
in matters of radiation protection. For this reason, it is not unnatural that 
there should have been a number of areas in which the general recommendations 
and philosophies of the NCRP have influenced the international recommendations. 

A major example was the adoption by the ICRP in 1950 of the lower maximum 
permissible exposure levels recommended by the NCRP 2 or 3 years earlier and 
already in use in this country. The adoption of these levels was also facilitated 
by the tripartite conferences between England, Canada, and the United States, 
the results of which were based on the information supplied by the NCRP. 

When the ICRP subcommittee structure was first established in 1950, it was 
patterned fairly closely after that already in use for several years by the NCRP. 
In fact the chairman selected for subcommittees I and II of the ICRP were 
the chairman of the corresponding subcommittees of the NCRP. In addition, 
many of the individuals selected for membership on the other subcommittees 
of the ICRP were members of the corresponding NCRP subcommittees, 

The maximum permissible concentrations of radioactive isotopes in the body, 
and in air and water, which were included in the 1950 ICRP report, were those 
developed initially by the NCRP for its Handbook 52, then in the course of 
preparation. 

In the report of the ICRP developed in 1953, the reports by three of the sub- 
committees (on permissible dose from external and from internal sources of 
radiation and on X-ray protection) were taken very largely from the correspond- 
ing reports developed by the NCRP. In fact, these NCRP reports were used 
as the basis for consideration of these subjects by the ICRP. 

Similar close relationships have existed between the NCRP and the ICRU. 
It could not be said with fairness that the most recent recommendations of the 
ICRU reflect dominantly the opinion of any one group, as all of the representa- 
tives participated actively in its preparation . On the other hand, the new com- 
mittee structure of the ICRU is patterned after that which had been adopted 
by the NCRP a short time previously. With this extension of activities, the 
ICRU organizational structure now includes the following: 


Committee I, Standards and Measurements of Radioactivity for Radiological 
Use 

Committee IT, Standards and Measurements of Radiological Exposure Dose 

Committee III, Measurement of Absorbed Dose and Clinical Dosimetry 

Committee IV, Standard Methods of Measurement of Characteristic Data of 
Radiological Equipment and Material 


Throughout the membership composition of these four committees, there is 
substantial overlap in both oflicers and members with the corresponding sub- 
committees of the NCRP. 


(Mr. Taylor’s statement—continued.) 


The National Committee on Radiation Protection (NCRP) is currently spon- 
sored by the National Bureau of Standards and is made up of representatives 
of various scientific and technical organizations and governmental departments. 
In this way, there is close coordination between the committee’s activities and 
those of other interested groups. This applies particularly to the relationships 
with the AEC with whom there is the closest collaboration. In fact, the Atomic 
Energy Commission supplies a small allotment of funds to the NCRP for its 
work. At the same time, the recommendations of the NCRP are made without 
undue influence on the part of the AEC. 
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ExuHisit 17. List or NCRP PArricIpaTING ORGANIZATIONS, SUBCOMMITTEES AND 
MEMBERS, MEMBERSHIP OF EXECUTIVE COMMITTEE, JULY 1956 


Lauriston S. Taylor, chairman 
Sarah W. Raskin, secretary 


EXECUTIVE COMMITTEE 


C. L. Dunham L. 8. Taylor 
G. Failla E. G. Williams 
R. 8. Stone 


MAIN COMMITTEE (AND ORGANIZATION REPRESENTED) 


H. L. Andrews, USPHS and subcommitte chairman 

E. C. Barnes, American Industrial Hygiene Association 

A. C. Blackman, International Association of Government Labor Officials 
C. B. Braestrup, subcommittee chairman 

J.C. Bugher, representative at large 

R. H. Chamberlain, American College of Radiology 

W. D. Claus, USAEC 

Cc. L. Dunham, USAEC 

T. P. Eberhard, American Radium Society 

T. C. Evans, American Roentgen Ray Society 

G. Failla, Radiological Society of North America and subcommittee chairman 
P. C. Hodges, American Medical Association 

H. W. Koch, subcommittee chairman 

S. E. Lifton, Colonel, United States Air Force 

W. Langham, subcommittee chariman 
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(Mr. Taylor’s statement—continued. ) 


TRENDS OF PROTECTION STANDARDS 


The trends of protection standards has been steadily downward. This is 
partly because of improvement in our knowledge and partly because a constant 
improvement in the techniques in the use of radiation make it possible to revise 
the standards downward. The two factors are in constant interplay. The most 
recently recommended permissible dose levels must be regarded now as prac- 
tically at rockbottom if we are to continue to use radiation at all. Exposures 
for persons in the environment of plants are only 3 or 4 times the level of natu- 
ral background radiation. Since in some circumstances, background radiation 


may be several times higher than the average it makes little sense to attempt 
to work to much lower levels. 


Exurieir 18. Magor Srers IN THE DEVELOPMENT OF PROTECTION STANDARDS 


(Item V F—4 in outline) 


1925: ICRU established by First International Congress of Radiology: 

MPD=0.1 erythema dose/r=50-100 r/yr (only visible signs of radiation 
reaction ) 

1926: ICRP established by Second International Congress of Radiology: 
(a) First set of international protection recommendations adopted. 
(b) First unit of dose adopted: the roentgen (r) 

1929: NCRP formed in the United States. 

1931: First set of radiation protection rules produced by NCRP (H-15). 

1934: ICRP: 
(a) Adopted first permissible dose of 0.2 r/day (=72 r/yr). 
(b) Based on erythema dose. 

1985: NCRP: 
(a) Adopted value of 0.1 r/day for MPD (=36 r/yr). 


(bv) More conservative MPD adopted on basis of their suspected other 
effects. 


(c) First discussions on genetic effects. 
1947: NCRP: 
(a) Lowered MPD to 0.3 r/wk (=15 r/yr). 
(b) Lowered because of animal experience in Manhattan District studies. 
(c) Genetic effects considered. (See H-59.) 
(d) Longevity effects considered. 
(e) Large population effects considered. 


(f) Standards still based mainly on absence of detectable injury to in- 
dividuals. 


1950: ICRP: 
(a) Adopted MPD=—0.3 r/wk. 
(b) Used values of NCRP for standards for external irradiation. 


(c) Used unpublished values of NCRP for internal emitters. (See H-47.) 
1952: ICRP/ICRU: 


(a) Held first conference on genetic effect. 


(b) Reached conclusions essentially as recommended by ICRP in April 
1956 and NAS in June 1956. 


(c) Felt there was no need to rush to lower levels—better to wait for 
better data. 


(d) Still feel somewhat same about lowered MPD but were stampeded 
by public clamor. 


1958: NCRP listed MPC for 100 radioisotopes (H-52). 
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1953: ICRP: 
(a) Adopted NCRP listings of MPC for 100 radioisotopes. 
(b) Recommended 1/10 levels for large population groups. 
1953: ICRU adopted unit of absorbed dose (rad). 
April 1956: ICRP introduced accumulated dose concept for both occupa- 
tional and whole population exposure. 
June 1956: NAS/BMRC made same general recommendations as ICRP. 
(Natural in view of substantial overlap of membership. ) 
January 1957: NCRP: : 
(a) Formulated the age-prorated occupational dose to insure proper dis- 
tribution with age. 
(b) Population dose concept of ICRP adopted. 
April 1957: ICRP/ICRU: 
(a) In work for UNSC made recommendations population exposure 
evaluations by sampling techniques. 
(b) Tentatively decided that somatic damage is more immediately im- 
portant than genetic damage. 


(Mr. Taylor’s statement—continued.) 


The impact of the new standards on our budding nuclear industry will not 
be as serious as might be thought at first glance. The major atomic energy 
installations have been working within the new levels for years. 


Exuisit 19—Tue Impact or LOWERED RADIATION Exposure LEVELS ON RADIATION 
CONTROL PROBLEMS 


Lauriston S. Taylor, Atomic and Radiation Physics Division, National Bureau 
of Standards 


You have already heard, in the preceding paper, about the proposed lowering 
of the levels of maximum permissible dose for radiation workers, and the 
general population, as proposed by the International Commission on Radio- 
logical Protection at its meeting in April of last year. In essence these new 
recommendations call for a reduction in the MPD by a factor of about 3, 
as compared with the levels that have been allowed for the past 10 years. The 
phraseology of these recommendations, in keeping with the normal pattern of 
the ICRP, was left in somewhat general terms, thus allowing to each country 
the opportunity of incorporating them ir the normal pattern of their individual 
protection codes or recommendations. 

The impact of these proposed changes will be quite different depending upon 
whether the source of radiation is external to the body or is from radioactive 
emitters that may enter the body. The impact will be substantially different 
as between the present type of large-scale atomic energy operations, scattered 
industrial operations, or the medical uses of X-rays and radioactive isotopes. 
Probably the most severe difficulties will arise in connection with the further 
reduction of the permissible exposures to external radiation that will be allowed 
to persons outside of controlled areas. 

With regard to population exposure, the ICRP made the statement that, 
“It is prudent to limit the dose of radiation received by the gains from all 
sources additional to the natural background to an amount of the order of 
natural background in presently inhabited regions of the earth.” 

At the November meeting of the ICRP, there was considerable debate centered 
about this point, and it was then agreed that “by the order of natural back- 
ground” was meant, not equal to natural background but approximately twice 
the background. Thus in clarification of the earlier statement, the ICRP 
allowance for general population exposure, will be an average of 10 rem to 
the gonads up to age 30, and 10 rem per decade thereafter. 

The statement was also made that the average exposure of radiation workers 
should be about 5 rem per year. Considerable fear was expressed that by stating 
this latter figure in such simple terms, undue hardship on all radiation appli- 
cations might result, if it were to be interpreted so literally that no individual 
was allowed to receive an excess of this amount in any 1 year. Various attempts 
were made to introduce some latitude in this interpretation but at the moment 
I am not sure as to what the final decision was. 

The difficulty up to now is dealing with a single number giving the indi- 
vidual’s total permissible lifetime exposure, is introduced because of the fact 
that the safety recommendations of a few years ago have now entered our 
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legal machinery and are now legal requirements backed up by varying degrees 
of enforcement. For the 25 years beginning with the appearance of the first 
NCRP Handbook in 1931, radiation safety control in this country was on the 
basis of recommendations backed up by voluntary compliance and good sense. 
It must be admitted that there were times when neither compliance nor good 
sense prevailed, but in the great majority of situations it did. 

The basic scientific aims and information regarding permissible radiation 
exposures have been well understood for a number of years. On the other 
hand, there have been situations where the information was capable of mis- 
interpretation by people who were inexperienced in the field. Partly as a re- 
sult of this, there has been increased tendency on the part of industry and by 
State and Federal Government to call for strict codification and the develup- 
ment of radiation protection rules wherein a situation is either black or 
white. Here begins our trouble. 

Let us consider as acceptable a total accumulated exposure of 250 rem over 
a period of 50 years, up to age 70. Now it is obviously impossible, with any 
means that we now know of, to measure and record this exposure for each 
individual. For the purposes of design and operation, one might want to 
integrate the exposure over a shorter period of time, say 1 year, in which 
case the average allowable amount would be 5 rem. This is also difficult to 
eontrol but it is suspected that before too long adequate instrumentation will 
be obtainable such that this can be done within adequate accuracy limits. At 
least as far as plant operations are concerned the level of 5 rem per year is a 
much better figure to work with. 

It is important to limit the exposure to individuals during their child- 
bearing age. For this purpose the NCRP is recommending a permissible ex- 
posure of approximately 60 rem up to age 30, and an additional 50 rem up to 
age 40. 

Here again it is important to assure adequate distribution of this dose over 
time. If one considers that 50 percent of the children are born to parents 
by the time they reach age 30, and 90 percent by the time they reach age 
40, it is clearly more important to curtail exposure at the lower end of this 
age range than at the upper age range. There would be a large difference 
in the total genetic damage due to an exposure of 50 rem at age 20, as com- 
pared to the same exposure at age 30. At the age of 40 this exposure would 
only affect 10 percent of the genes that might be expected to be transmitted. 
Consequently there is some wisdom in stating that for operational purposes 
the average occupational exposure of individuals should not exceed 5 rem per 
year. 

But even here there are difficulties. Suppose that the NCRP were to rec- 
ommend 5 rem per year for the basic permissible level as compared with the 
present level of 0.8 rem per week. As soon as this figure is even mentioned 
it will find its way into various laws and regulations. Everything automati- 
cally becomes black or white and any individual who may be so unfortunate 
as to receive 5.001 rem in any 1 year might think he had legal grounds for 
seeking redress from his employer. This is, of course, sheer nonsense and 
yet it is difficult to develop a law in this field in which there is adequate 
latitude for such reasonableness. The NCRP has worried a great deal about 
this problem and various suggestions have been put forward. 

Consider the cost to a plant operation of a legal limitation of 5 rem per 
year to the individual worker. Plant management would be foolish to plan 
their operations in such a way that part or all of its workers would be al- 
lowed to take a dose closely approaching 5 rem per year. Experience has 
demonstrated that surely 1 or 2 people are going to accidentally exceed this 
and even though we know that a slightly higher exposure is without harm 
the employee might seek redress. Because of this fear, the plant must plan 
its operation so that in general they will not exceed, say, 40 or 50 percent 
of the permissible exposure. This can be very costly and time-consuming 
and could seriously retard the atomic energy industry. 

It has also been suggested that the yearly limit be specified as 5 rem plus 
or minus 20 percent. This would certainly simplify plant planning and oper- 
ations but I am very doubtful as to how and whether this could be dealt 
with to the satisfaction of our legal authorities. Another suggestion has been 
to specify a total exposure not exceeding 50 rem in 10 years delivered at an 
average rate not exceeding 5 rem per year. Here again this situation is 
wide open to abuse or difficulty in legal interpretation. For example, an em- 
ployer could allow an individual to receive 25 r in each of 2 years and then 
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lay him off under circumstance which would make him unemployable in the 
radiation industry. Also this would be unacceptable because one should not 
allow an individual at the beginning of his reproductive age to receive this 
large dose. If he is to have a large dose it is much better that he receive 
this after the conception of his last child and this, of course, changes with 
age. 

Another alternative is to specify the 5 rem per year average but with the 
further stipulation that no one be allowed to receive in excess of 10 rem in 
any consecutive 2 years. Even this would allow some abuse but such a pro- 
vision would vastly simplify plant operations. For example, if an occupational 
individual received, say, 6 rem in 1 year it would be up to the plant to insure 
that he could receive no more than 4 rem in the following year. If one decides 
on an average figure of 5 rem per year the plant will design accordingly. The 
plant will possibly go further than this since control over a year is not always 
easy. It may well, for purposes of simplicity, make its designs so as not to 
allow the exposures to exceed 0.1 rem per week, which is one-third of the present 
maximum permissible exposure. 

The National Committee on Radiation Protection has been increasingly con- 
cerned, over the past year, by the trend to incorporate its recommendations into 
documents having legal status. Almost invariably when this is done, the degree 
of suppression of radiation exposure goes beyond the philosophies of the com- 
mittee. As a rule these are in the direction that tend to hamper the applica- 
tions of radiation, without at the same time, providing any real and significant im- 
provement in radiation protection. In an endeavor to curtail unduly restrictive 
interpretations of the relatively simple basic rules for radiation protection, there 
has been a tendency in the past for the National Committee to include in its 
recommendations various modifications and interpretations of its basic rules. 
Because of this, the administrative problems involved in radiation control have 
become more complicated. 

I mention this situation because unless great care is taken in the future with 
our lowered permissible exposure levels, their administrative control may be- 
come so restrictive as to make certain types of radiation usage impractical. 

It is for this reason that in its latest recommendations the National Com- 
mittee has tied its basic permissible exposure to the individual's age, rather than 
to a limitation determined on the basis of a week or even a year of radiation 
exposure. The basic protection requirement now specified by the National Com- 
mittee is designed to assure that a person will not receive an average of more 
than 5 rem per year occupational exposure during his working lifetime from 
age 18 to 70. In order, however, to get away from the legal statement of 5 rem 
per year, it is now recommended that individuals be allowed to receive a dose 
in rems equal to five times the number of years over age 18 of that individual’s 
age. This will tend to hold down exposure at the younger ages when it is 
genetically more important. It will allow the building up of a reserve of ex- 
posure in situations where an individual’s age-prorated exposure is less than that 
allowed. 

Any wise management must employ operating safety factors in his allowable 
radiation exposures and if these are tied rigidly to periods as short as a month 
or a year, the cost to the plant of introducing the radiation safety factors can 
be very great. With the new system there is ample latitude for taking care of 
the very rare instance where an individual may for some reason or other have 
exceeded an average weekly, monthly, or yearly radiation exposure. 

The new recommendations, even though three times lower than the earlier 
ones, will place a premium on good management. For example, in a large 
operation it will certainly pay to have good monitoring and recording proce- 
dures. Where it can be demonstrated beyond reasonable doubt that an indi- 
vidual’s exposure through the use of these is below the permissible amounts, 
management can permit its employees to build up a reserve exposure. The 
larger the reserve the greater the flexibility in the use of that employee in 
subsequent Operations. For small operations the cost of instrumentation and 
recording may be unduly costly, in which case it would probably be more 
economical to simply set the operating exposure levels low enough so that 
relatively infrequent monitoring will suffice to assure adequate protection of 
the individual. 

The new recommendations, as well as the old, have specified that the levels 
of radiation exposure for individuals outside of controlled areas can only be 
one-tenth of those permitte:] within controlled areas. This means that on the 
average a person outside of the controlled areas can receive only 0.5 rem per 











RADIOACTIVE FALLOUT AND ITS EFFECTS ON MAN 855 


year. This is a level which under most circumstances is only a few times greater 
than background and will in some cases necessitate substantial increases in 
existing shielding, or means for further reducing the admission of certain 
contaminants into the air or water. In the case of radiation from external 
sources, radiation levels outside of controlled areas will have to be reduced 
to about one-thirtieth of the present MPD allowed workers within a plant at the 
present time. This may make for difficulties in situations where persons in uncon- 
trolled areas are in very close proximity to sources within a controlled area. 
On the other hand, the range of such hazard is relatively limited since the dose 
rate falls in accordance with the inverse square law. From the point of eco- 
nomics it is, therefore, desirable to separate as far as possible controlled and 
occupied uncoutrolled areas. This situation is not likely to seriously affect 
atomie energy operations even at the new low levels. It will create new 
problems in the use of byproduct materials. 

For radioactive contaminants in the air, the problem is simpler on one hand 
and is more complicated on the other. The new permissible levels for internal 
emitters will not be substantially different from the present permissible con- 
centrations except in a very few cases. These cases will include the situations 
where the critical organ is the gonads or the whole-body and as far as our 
knowledge goes today, these are the critical organs only for tritium, sodium, and 
phosphorous. In other words, the new levels for permissible concentrations of 
radio-nuclides in air and water will not materially affect present-day practices. 

Airborne activity carries with it the usual difficulty in no way changed by 
the lowered levels. This difficulty is introduced because of the fact that such 
contaminants may stray very great distances from the original sources so that 
one needs to be concerned about population protection outside of controlled areas 
covering a much greater area than would be involved in the case of the radia- 
tion from external sources. 

Let us examine rather briefly some of the areas that may or may not be 
affected by the lowered permissible levels. 

The present impact on nuclear industry will be relatively small insofar as 
their own operations are concerned. Within the plants of the Atomic Energy 
Commission and its contractors, there is already a history of amazingly low 
radiation exposure levels to individuals. The vast majority of the individuals 
in controlled areas receive today less than 1 rem per year. Only a very small 
number receive up to the full allowance of about 15 rem per year and I believe 
that only 2 or 3 out of some 65,000 persons during the past year exceeded the 
yearly allowance. In other words, these operations are already working well 
within the new limits. 

As already noted, contamination levels of air and water are not going to be 
substantially changed except for 2 or 3 radio-nuclides. Consequently if the 
industry has been providing adequate protection in the past it can continue to 
do so in the future without serious additional strain. 

The impact of the lowered levels on other applications of radiation may be 
more severe particularly with regard to the use of X-rays, sealed sources of 
radioactive material and accelerators. In the nonnuclear industry where iso- 
lated sources of radiation may be scattered around a plant or in various parts 
of a city there has frequently been the tendency to allow exposure levels of 
both occupational and nonoccupational persons to go up fairly close to the 
ceiling. In those instances where this has been the practice additional shielding 
is going to be required. This can be costly when it comes to making additions 
and alterations to existing installations. The matter will not be too serious 
in new installations. In general it simply means adding approximately two 
half-value layers of shielding material over what has been required up to the 
present. 

The impact on the medical uses of radiation will also be relatively severe. 
Here because of the nature of the work, it is necessary for the physicians and 
to a lesser extent the technicians, to expose themselves to some degree of radi- 
ation. To accomplish their medical task it is often necessary to take unto 
themselves some degree of risk beyond that expected in other types of opera- 
tions. To achieve the newly imposed levels will necessitate some changes in 
working procedures and some improvements in equipment design and shielding. 
Also some improvement will, in all probability, be needed in the shielding 
normally surrounding the rooms where radiation is used. Greater care will 
also have to be taken to assure that radiation that escapes from the controlled 
area does not penetrate to uncontrolled areas that may be occupied by persons 
not subject to radiation monitoring. The radiological profession is always 
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fully conscious of this problem and over the years have established a very 
creditable record of constant improvement in their protection practices. 

In closing, a few remarks should be made about the effects of medical ex- 
posures to radiation superposed on occupational exposures. This is a 
question that arises frequently and for which there is no simple solution. For 
practical reasons the various national and international bodies concerned with 
radiation protection problems have been forced to exclude from consideration 
the added effects of radiation received by an individual for medical reasons. 
At the moment this is not too serious. At present the occupational exposure 
per million people amounts to only about 3 percent of that received for medical 
reasons. From a genetic point of view this amount is insignificant and one 
can neglect occupational exposure in relation to medical exposure, when deal- 
ing with an average over a large population group. The situation may be 
more serious for the occasional individual who may receive both the maximum 
occupational exposure and a large medical exposure. While it is not feasible 
to regulate or control these in relation to each other, it would be prudent for 
the employer to keep aware of such situations and make allowance for them 
in the assignment of an individual to further radiation work. It would also 
be prudent on the part of the employee to inform his physician that he is a 
radiation worker and that any additional medical radiation should be kept to 
a minimum. The decision on this is then up to the physician. It will only be 
in the rare instance when the two types of exposure can be compounded to dan- 
gerous proportions. In such instances it will usually be the case that the indi- 
vidual’s well-being or even life is at stake for reasons unassociated with any 
radiation damage to himself. ‘“ 


(Mr. Taylor’s statement—continued.) | 


The basic assumptions on which permissible exposure is based have changed 
emphasis several times. Originally, the permissible dose level was based on the 
erythema or visible skin-burn. Later, emphasis was shifted to any detectable 
injury that might occur to the individual. More recently, there has been great 
emphasis placed on the genetic damage to reproductive cells. It is now beginning 
to appear that the somatic effects on the individual may be the more critical 
item. In spite of these changes of emphasis the trend has been toward becoming 
more critical rather than less critical. 
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THRESHOLD LIMITS 


There is presently a great deal of uncertainty as to whether or not there 
exists any threshold limit for radiation exposure below which damage will not 
occur. A probable exception to this is genetic damage. In arriving at per- 
missible dose levels it has never been assumed that there were any thresholds 
for radiation injury. Damage to an individual from any exposure is a matter 
of probability and the limits are believed to have been set low enough to make 
the risk small and acceptable. There is always some risk involved in radiation 
exposure but also there is risk in virtually everything else that we do. With | 
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radiation the problem is to balance the risk by exposure against the tangible 
and intangible gains to be gained by this exposure and against the risks that 
occur from a variety of ether sources. | 


Exutsit 20. PERMISSIBLE EXPOSURE TO IONIZATION RADIATION, INTERNATIONAL 
CONFERENCE ON PEACEFUL USES OF ATOMIO ENERGY, JUNE 1955, GENEVA, 
SWITZERLAND i 


By Lauriston S. Taylor, National Bureau of Standards 


This short note, reflecting the general opinions of most members of the Na- 
tional Committee on Radiation Protection, directs attention to a major problem 
that must be faced when we consider large-scale peaceful developments of 
nuclear energy. The problem directly influences our whole philosophy with 
regard to radiation protection and centers about the fact that the genetic effects 
of low-level exposures of a large fraction of the population may ultimately 
decide the permissible dose for all persons. Up until relatively recently the 
prime consideration in deciding upon the maximum permissible dose of ionizing 
radiation has been the exposure of the single individual. Future considerations 
of the maximum permissible dose may conceivably involve an entirely new 
feature; whereas past decisions have been based on scientific principles alone, 
future decisions may have to include political and economic factors. 
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The current maximum level of permissible exposure for the single individual 
rests on the philosophy that exposure at this level throughout his adult lifetime 
is believed unlikely to cause him bodily injury at any time during his lifetime. 
Based on this major premise, the present permissible exposure levels are accepta- 
ble both from the plant and the individual’s viewpoint, and do not appear to 
involve an unreasonable working risk. Such levels are, however, also based on 
the additional premise that only a small portion of the world population will 
be so exposed up to the close of their reproductive lifetime. 

On the other hand, where large population groups may be exposed, the preser- 
vation of the genetic balance of the population may require that the exposure 
per individual be limited to only a very small fraction of the individual occupa- 
tional exposure. Up to the present, most of the pertinent data is from animal 
rather than human experiments, yet we are forced to accept tentatively the 
animal data as applying to man. 

For purposes of discussion, let us take Muller’s? statement that an exposure 
of 80 r to the gonads would double the natural mutation rate and that such 
exposure repeated generation after generation might seriously upset the genetic 
equilibrium. Presumably this would be genetically unacceptable in view of 
the doubly heavy genetic load thrust upon the unexposed population, and in 
view of the present trends in reproductive practices. Muller suggests a maxi- 
mum average exposure per individual per reproductive lifetime of 20 r, which 
would result in an increase in the mutation rate of only 25 percent. Other 
authorities have arrived at figures as low as 3 r for a permissible average 
“lifetime” exposure. Either figure is much lower than the presently accepted 
individual occupational exposure limit which may be as high as about 400 r 
per lifetime. 

If we are to adhere to the 20 r average for the whole population, not more 
than 5 percent of the people could be permitted to receive a full occupational 
exposure of 400 r to the gonads. For the United States this would be some 
eight million persons—a figure that we are unlikely to attain for many years 
to come. One should also consider that most radiation workers do not receive 
exposures over periods as long as 25 years, and that in fact only a very small 
number receive more than about one-third of the permissible exposure. On the 
other hand, there must be added to this, medical and diagnostic exposures 
wherein radiation may reach the gonads. 

Before facing the problem of determining how much additional radiation may 
be received by nonoccupational population groups, it is essential to make a care- 
ful evaluation of existing exposure patterns. Since the prime consideration 
will be genetic effects, such exposure evaluation should be limited to the gonads 
of persons before the close of their reproductive lifetime. 

Concurrent with, or a part of, such a study should be certain sociological 
investigations. Reproduction habits will play an important role, and these 
will vary markedly depending upon such factors as race, education, inbreeding 
within certain geographical limits, etc. In averaging the exposure of popula- 
tion groups, erroneous results would be obtained by equal weighting of say the 
population of New York City and an Indian reservation in the West. 

Since the size, distribution, and nature of a population group may influence 
the pattern of crossbreeding, it may be worthwhile even within a single 
country such as the United States, to consider very different average exposures 
for different parts of the country. Such differentiation might present 
almost impossible administrative problems because of population movements, 
yet there are relatively large and different population groups between which 
crossbreeding is negligible. This same consideration will, however, be likely 
to necessitate lowering of average exposures in some areas where inbreeding 
is high within a population group that remains somewhat statie in location. 

(This may be somewhat less of a problem in cities of the United States as com- 
pared with those of Europe and Asia.) There will undoubtedly be special prob- 
lems of this sort in certain areas and it might be worthwhile to treat them 
specially, rather than inflict unnecessarily low permissible exposures over the 
country as a whole. Analysis of individual situations, while costly to per- 
form, may nevertheless be sound economy in the end. 


1 Recommendations of the International Commission on Radiological Protection (1953). 
2 Muller, H. J., The manner of dependence of the ‘‘permissible dese” of radiation on the 
amount of genetic damage, Acta Radiol. 41; 6-20 (1954). 
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From the point of view of power reactors, the limits set for radioactive wastes 
will vary considerably, dependent upon location. This, of course, has been one of 
the prime considerations in locating reactors thus far, and each case has been 
treated on its own merits. 

We have to face the high probability of an enormous growth in the uses of 
nuclear energy. It is doubted whether anyone has ventured to predict this for 
the next 20 or 100 years. Looking backward at the enormous changes in our 
civilization brought about by technilogical advances in the past 4 or 5 genera- 
tions, indicates the futility of planning ahead in detail a similar range of time. 
This does not imply, however, that we should stand passively by and let nature 
take its course. There is much that can be done in preparation for the future. 

As the invention of the internal combustion engine revolutionized the world, 
so also may we expect controlled nuclear energy to do so again. The engine 
has wrought vast improvements into our material ways of life. One wonders 
whether, if in 1910 it had been anticipated that the engine would be responsible 
40 years later for 30,000 deaths a year on United States highways alone, there 
would have been a hue and ery to curtail its further use. In spite of the fact 
that we somehow accept this carnage, we might have been able to have held 
it down, had the problem been attacked while automobiles were in their infancy. 

With nuclear energy the situation is importantly different—even if more 
complicated. We know a great deal about its potential hazards and to some 
extent how to cope with them. In addition, we have some time within which 
to solve the special problems. However rapid the growth in the use of atomic 
energy, there is still some leeway that will allow us to proceed with technological 
developments before we outrun our practical limits in the methods of protection. 

he greatest and most serious limitation is that imposed upon us by genetic 
considerations. Our most substantial advances in knowledge of genteics have 
been within the past two or three decades—a very short time. The results of 
this knowledge have been a major consideration in the discussion leading to our 
present concepts of permissible dose, yet we have avoided any attempts to rigor- 
ously define the genetic limitations. (It is presumed that the geneticists, to be 
safe, assume the most pessimistic conditions. 

At some time, probably not within the immediate future, man will be faced 
with making an inescapable decision. At what point may the advantages of 
atomic energy be offset by the disadvantages to the future man? And who will 
have the abundant wisdom to recognize that point and do something about it? 
Will it be known, in time for such a decision, just what radiation may do to 
man’s future? I believe that at some point a decision involving an educated 
gamble with man’s future will have to be made, and history of the past indicates 
that such a decision may be made on the less rather than the more conserva- 
tive side. The decision does not need to be made tomorrow or probably for 
some years. In the meantime, we can continue our present pace with relatively 
little risk. But in that same meantime, it is felt that we should start to condi- 
tion our thinking for a change in philosophy with regard to radiation exposure. 
On the basis of today’s knowledge of ourselves, we may be expected to show a 
willingness to accept more rather than less radiation exposure insofar as its 
effects 10 or 20 generations hence may be felt. 

In this same time, we should also devote our every energy to keeping radia- 
tion exposure of persons to the minimum compatible with reasonable progress 
and good sense. Through education and the dissemination of wisely chosen in- 
formation, we can do much better than at present in matters of radiation pro- 
tection, without at the same time fettering a source of great benefit to mankind. 
The better we do the ordinary job of protection today, the longer we postpone 
the fateful decision on man’s future. 





There has been a tendency to believe that maximum permissible dose levels 
can be established on a firm and irrefutable physical basis. This is certainly not 
true. The establishment of proper dose levels is importantly a matter for physics 
and biology. It is, however, equally important in reaching a final conclusion that 
we exercise the highest standards of morality and ethics, and that we bring to 
bear our utmost in wisdom. 

For many years the risk due to radiation has obviously been very small. Even 
though the standards of the past have been much more liberal than those of the 
present, we are today forced to the conclusion that the effects of radiation are so 
slight for such small exposure that it is difficult to establish a causative relation-. 
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ship between exposure and damage even with the more critical of statistical 
sampling. 
RECORDING OF DOSE FOR THE POPULATION 


For many years the NCRP and ICRP have considered the problem of recording 
the dose of all individuals as an aid in the statistical studies of the effect of 
small or moderate radiation exposures on man. Such a plan has always been 
ruled out because even at enormous cost their results would have so many uncer- 
tainties introduced by poor input data from medical usage as to render useless 
the application of the information for statistical analysis. 

The International Commission on Radiological Protection and the Interna- 
tional Commission on Radiological Units and Measurements have completed a 
study of this question as a result of a specific request from the U. N. Scientific 
Committee on the Effects of Atomic Radiation. This study substantiates the 
conclusions mentioned above, namely that at the present time and for the imme- 
diate future any system for recording individual medical dose given during diag- 
nostic medical procedures is without value. This applies to recording either by 
a card-carrying system or by a central recording agency. On the other hand, 
the commissions do recommend the establishment of sampling procedures, which 
will provide useful information if carried out on a systematic basis. The cost of 
such surveys will be only a small fraction of that for a universal registration 
system and yet will give results with an accuracy commensurate with that of the 
input data. At the same time it is expected that the input data can be improved 
by the sampling technique as it goes along. 


(Exhibit 21 to be filed with the committee at a later date.) (Material consists 
of the preliminary report of the ICRP/ICRU to the U. N. and is submitted for 
use by the Committee. Since the report is not in final form it is requested that 
it not be published in the record. If the Committee wishes to include a final re- 
port of the international commissions one can be made available by about the 
middle of July.) 


Exuipit 22. Reports of Unitep States Task Group 


UNITED NATIONS, 
New York, November 5, 1956. 
File: PO 131/242. 
Prof. Roir SIEvVERT, 
Chairman, International Commission on Radiological Protection, 
New York, N.Y. 

Dear PROFESSOR Sievert: It is my pleasant duty to transmit to you, in your 
eapacity as chairman of the International Commission on Radiological Protec- 
tion, the following resolution passed unanimously by the Scientific Committee 
on the Effects of Atomic Radiation at its second session: 


The Radiation Committee 


Recognizing that in certain countries * one of the most important contributions 
to the present irradiation of human pepulations caused by manmade sources of 
ionizing radiations has been shown to originate from the use of radiation in the 
diagnosis and treatment of diseases; 

Believing that a careful study of the doses, particularly to the gonads, re- 
ceived by patients undergoing radiological treatment and examination is 
desirable; 

Believing that the International Commission on Radiological Protection and 
International Commission on Radiological Units and Measurements by virtue 
of their connection with the radiological profession are the most suitable bodies 
to study the problem of recording, measurement and evaluation of doses involved 
and having reason to believe that they would be interested in doing so; 

Invites the International Commission on Radiological Protection together 
with the International Commission on Radiological Units and Measurements— 

(a) to consider and discuss the question of how to arrive at reliable 
data indicating the doses to different parts of the body (particularly the 


gts See reports submitted to the Committee by Sweden, the United Kingdom, and the United 
ates, 
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gonads) received by individuals and, in the aggregate, by large population 
groups due to the medical use of ionizing radiations; 

(vb) to examine what recording system, if any, is at present feasible for 
the determination of the relevant dose values; and 

(c) as a result of these studies, to submit to the Scientific Committee 
on the Effects of Atomic Radiation as soon as possible, and in any event 
before September 1, 1957, a report upon their deliberations and conclusions 
the subjects (@) and (0b), and to make any appropriate recommen- 

tions; 

Requests the Secretary General to make the necessary arrangements with the 
two Commissions to implement the above invitation, including provision for 
a of expenses incurred by them to an amount not exceeding 

10,000. 

May I ask you to place the resolution before your members, and to inform 
me whether the Commission accepts the invitation contained in it. Upon receiv- 
ing from you an affirmative response, which I appreciate may be conditional 
upon the financial support mentioned, I will seek the necessary authority for 
expenditure under the last clause of the resolution. 

May I, in conclusion, express my personal hope that this marks the initiation 
of a prolonged, close and fruitful cooperation between all of the international 
bodies concerned. 

Yours sincerely, 
(Signature) RayMmonp K. ApPLeyYAnRp, 
Acting Secretary, Scientific Committee 
on the Effects of Atomic Radiation. 


Nores.—1. A similar letter has been received by the Chairman cf the ICRU. 2. It was 
decided at the New York joint meetings that the $10,000 would be used to assist in paying 
the travel expenses of the task group. 


[LICRP/56/43, ICRU/56/26. References: ICRP/56/41, ICRU/56/23; ICRP/56/44, 
ICRU/56/27] 


OUTLINE oF Stupy For U. N. ScrENTIFIC COMMITTEE ON EFFECTS OF ATOMIC 
RADIATION 


I. INTRODUCTION 


The ICRP and ICRU have recently been invited by the U. WV. Scientific Com- 
mittee on the Effects of Atomic Radiation to study the radiation dose received 
by various organs of the body when persons are undergoing radiation examina- 
tion and treatment (see ICRP/56/41 or ICRU/56/23). It should be noted that 
the Committee has asked for evaluation and recommendations of methods for 
determining the dose and not for detailed data. However, it may be necessary 
to obtain some exploratory data in order to set limits for accuracy. It should 
also be noted that the present request could be interpreted as being limited to 
examination and treatment, but it is considered desirable to include occupational 
exposures. While it is thought that at the present time the latter adds only 
small amounts to the radiation burden of the world population, this should be 
examined at some future date. 

At a recent informal meeting of the two Commissions, methods of facilitating 
the study were discussed. Several methods were suggested and are incorporated 
in ICRP/56/44, ICRU/56/27, but others may be thought of in the process of 
obtaining information by those methods suggested. If these are suggested in 
time, they can also be included in the study. 


II. ORGANIZATION 


As this problem is principally one of protection, the work will be coordinated 
by the Secretary of the ICRP, Mr. Walter Binks. He, together with the other 
officers of the ICRP, the officers of the ICRU, and members of the Commission 
assigned to coordinate the various tasks constitute the Task Group. 

The study has been divided into the following tasks (discussed in more detail 
in ICRP/56/44, ICRU /56/27) : 

Task 1. General: Gonad dose versus skin dose and average dose per 
examination. 

Task 2. Complete recording for entire population. 

Task 3. Sampling procedure. 
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Task 4. Approximate methods: 
(a) Health and social security agency records 
(b) Film or X-ray tube records 
(c) Questionnaire to professional people. 
Task 5. Dose from unsealed radionuclides. 
Given below are the names and addresses of the task group and the Com- 
mission task assigned to each: 
Chairman, ICRP: R. Sievert, Institute of Radiophysics, Stockholm, Sweden 
Vice Chairman, ICRP: G. Failla, department of radiology, Columbia University, 
630 West 168th St., New York, N. Y. 
Secretary, ICRP: W. Binks, National Radiological Protection Service, Clifton 
Ave., Belmont, Sutton, Surrey, England 
Chairman, ICRU: L. S. Taylor, National Bureau of Standards, Washington, D. C. 
Vice Chairman, ICRU: L. H. Gray, radiobiological research department, Mount 
Vernon Hospital, Northwood, Middlesex, England 
Secretary, ICRU: H. O. Wyckoff, National Bureau of Standards, Washington, 
D. C. 


Task 1: FE. BE. Smith, National Radiological Protection Service, Clifton Avenue, 

Belmont, Sutton, Surrey, England 
Task 2: E. A. Watkinson, environmental health and special projects, National 

Health and Welfare, Jackson Building, Ottawa, Ontario, Canada 
Task 3: K. Z. Morgan, Health Physics Division, Oak Ridge National Laboratory, 

P. O. Box P, Oak Ridge, Tenn. 

Task 4: A. Allisy, Laboratoire de Recherches, Ecole Normale Superieure, 24 rue 

L’homond, Paris, France. 

Task 5: W. G. Marley, Health Physics Division, Atomic Energy Research Estab- 
lishment, Harwell, Didcot, Berkshire, England. 

A national leader has been named to provide a focal point in each of the 
countries conducting this study. He is responsible for naming national task 
leaders to consider each one of the tasks. During the meetings of the two Com- 
missions, nationals of seven countries were present. Accordingly, it was possible 
to appoint the following national leaders at that time: 

Canada: E. A. Watkinson, environmental health and specialist projects, Na- 
tional Health and Welfare, Jackson Building, Ottawa, Ontario, Canada. 
France: L. Bugnard, Institut National d’Hygiene, Ministry of Health, 3 rue Leon 

Bonnat, Paris 16E, France. 

Germany: H. Holthusen, Direcktor de Strahleninstitut Krankenhauses St. Georg, 

Hamburg, Germany. 

Sweden: R. Sievert, Institute of Radiophysics, Stockholm, Sweden. 

United Kingdom: E. E. Pochin, Department of clinical research, University Col- 
lege Hospital Medical School, University Street, London W. C., England. 
United States: L. S. Taylor, National Bureau oif Standards, Washington, D. C. 
Urugay: F. E. Leborgne, Institute of Radiology, Hospital Pereira Rossell, 1210 

Ibicuy, Montevideo, Uruguay. 

Other countries having nationals on either of the commissions or their com- 
mittees are invited to cooperate, as are the radiological societies of all the other 
countries officially represented at the 8th International Congress of Radiology 
at Mexico City. 

No information is yet available on the names and addresses of national task 
leaders. 

III. OUTLINE OF PLAN FOR STUDY 
1. National Studies 


(a) Names and addresses of national task leaders to be sent by national 
leader to all members of the task group by December 15, 1956. 

(b) Copies of correspondence between commission task leaders and national 
task leaders should be sent to national leader. 

(c) Reports (in English) to be sent by national leader to each member of 
task group by March 1, 1957. (Individual reports on tasks should be sent to 
commission task leaders as completed to allow more time for their study.) 


2. Commission study 


(a) Commission task leaders to prepare and distribute consolidated report 
on their tasks to all participants in the study (task group, national leaders, and 
national task leders) and to ICRP and ICRU main commissions by April 1, 
1957. 

(b) Fifteen copies of each person’s comments on consolidated reports to be 
sent to ICRP Secretary in Geneva before April 19, 1957. 
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(c) Meeting in Geneva of task group April 23-27, 1957, to prepare draft of 
final report. 


(d) Draft of final report to be distributed to all participants and main com- 
missions by June 1, 1957. 
(e) All comments on draft of final report to be sent to each member of the 
task group by June 20, 1957. 
(f) Meeting, if necessary, of task group July 1, 1957, to prepare final report. 
(g) Final report to U. N. Scientific Committee (with copies to participants 
in the study and members of main commissions) before September 1, 1957. 


[ICRP/56/44, ICRU/56/27. Reference: ICRP/56/43, ICRU/56/26] 


MEMORANDUM REGARDING RESOLUTION OF U. N. SCIENTIFIC COMMITTEE ON THE 
EFFECTS oF ATOMIC RADIATION 


1. INTRODUCTION 


The U. N. resolution invites the two Commissions— 

“(a) To consider and discuss the question of how to arrive at reliable data 
indicating the doses to different parts of the body (particularly the gonads) 
received by individuals and, in the aggregate, by large population groups due 
to the medical use of ionizing radiations, and 

“(b) To examine what recording system, if any, is at present feasible for the 
determination of the relevant dose values, and 

“(c) As a result of these studies, to submit to the Scientific Committee on 
the Effects of Atomic Radiation as soon as possible, and in any event before 
September 1, 1957, a report upon their deliberations and conclusions on the 
subjects (a) and (b), and to make any appropriate recommendations.” 


2. SCOPE OF PROBLEM 


The problem resolves itself into three main aspects: 
(a) The doses to the gonads of patients; 
' (b) The doses to other organs of patients; 
(c) The occupational exposure of all those using, or in the vicinity of, 
sources of ionizing radiation in medical and allied fields. 

It is considered that by far the most important of these aspects at the present 
time is (a) and this receives most attention in what follows. It is assumed 
that both diagnosis and therapy are involved and that by medical use is meant 
not only the patients of radiologists but also those other medical practitioners, 
dentists, osteopaths, chiropractors, ete., and also patients undergoing diagnosis 
and therapy with radioactive nuclides. 

It will be possible to extend the scope of the inquiry to include other organs 
and also to include occupational exposure once the main problem has been 
dealt with. 

8. THE DOSE TO THE GONADS OF PATIENTS 


This dose is specifically of interest because of its genetic significance, and in 
consequence, only the irradiation of persons who are likely to become parents 
is of importance.. 
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(I) The vital statistics of the population as regards mortality, the ages at 
which both males and females become parents, and also the average number 
of children born to each parent. 

(II) The number and types of radiological examinations, both radiographic 
and fluoroscopic, and with radionuclides, performed on both sexes as a fune- 
tion of age up to the age of 50, which would include the number and types of 
examinations performed on pregnant women (in which both the parents and 
the foetus are involved). 

(IIL) The doses delivered to the gonads of each sex (and to the foetus where 
involved) during each type of examination, both radiographic and fluoroscopic 
and with radionuclides.. These doses are liable to vary in different hospitals 
and disciplines and will also depend on the size of the patient, e. g., whether 
infant or adult. 
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The combination of the information referred to in 3 (a) (I)-(III) above, 
weighted where necessary to allow for the fact that the individuals undergoing 
certain types of examination, e. g., hysterosalpingography, may be abnormal as 
regards expectant parenthood, permits an assessment of the genetically signif- 
icant dose to be made. 


(b) Therapeutic radiology 


This requires essentially the same treatment as that of diagnostic radiology. 
Therapy with radionuclides includes teletherapy, interstitial and intercavitary 
insertions and also the injection or ingestion of radioactive solutions and the 
like. These various types of therapy involve the gonads in different ways and 
would need to be assessed separately. 

It should be noted that in the case of therapy, the character of the disease 
may affect the probability of the patient subsequently becoming a parent. 

(c) Methods of obtaining the data 

The genetically significant dose may be obtained for a particular country in a 
variety of ways: 

(1) By keeping records of the radiological exposures of all individual mem- 
bers of the community up to the age of 50; 

(II) By obtaining statistically adequate samples of the items referred to in 
3 (a) above as applied to both diagnosis and therapy ; 

As far as 3 (a) (1) is concerned, the necessary data are available in many 
countries as population statistics. 3 (a) (II) may be obtained either by 
taking a sample of institutions and installations of all types and examining the 
techniques and patient records, or by taking a random sample of the population 
and studying their X-ray diagnostic and therapeutic experiences during a 
specified period. The data referred to in 3 (a) (III) requires evaluation for 
the variety of conditions that arise. Existing information on this subject is 
extremely meager and further studies are urgently required. If a limited sam- 
ple of the population is studied, it may be possible to evaluate the doses from 
direct measurements on each patient. 

(III) In some countries, information as to the statistics of diagnostic and 
therapeutic radiology can be obtained from the records of health insurance 
companies and similar organizations. It is considered that the records of these 
organizations will include details a sto age, sex, type of examination, etc. 

(IV) An indirect approach, which would provide an assessment of the 
amount of diagnostic radiography carried out, could be made by obtaining from 
the suppliers and/or manufacturers of X-ray films the total quantity of films 
supplied for medical purposes in a country during any particular period. Such 
information, combined with more detailed information obtained possibly in 
another country by methods 3 (c) (I) or (II) would enable a rough estimate 
to be made of the relative quantities of radiography in the two countries con- 
cerned. No information would be obtained by this means regarding the relative 
amounts of fluoroscopy or therapy, and we have reason to believe that these vary 
considerably from country to country. In consequence, the approach sug- 
gested in this section would lead only to a very approximate assessment of the 
total significant gonad dose. 

(V) Another possible indirect method of obtaining relative data from which 
assessments could be made is to obtain information from the manufacturers 
and/or suppliers of X-ray tubes regarding the turnover of tubes of all types in 
the country concerned. This would provide a rough estimate of the total 
X-ray tube loading, which would then have to be combined with statistical data 
regarding the average gonad dose per unit of tube loading. Although very 
approximate, the figure derived in this way would include both radiography and 
fluoroscopy and possibly X-ray therapy as well. 

(VI) A further possibility of obtaining a rough estimate of the extent of the 
gonad dose would be to keep records of the use to which X-ray diagnostic and 
therapeutic equipment is put. At the present time, this is not regarded as a 
practical approach, but if all diagnostic X-ray apparatus (in particular) were 
fitted with a method for registering the total tube load in milliampere-minutes, 
both for radiographic and fluorscopic work, the information thus obtained, 
combined with data of a statistical nature as to operating voltage, focal dis- 
tance, ete., would again permit some relative data to be obtained. An alterna- 
tive procedure would be to fit each tube with an integrating chemical dosimeter 
and thus determine directly the dose delivered to an arbitrary point, from 
which calculations as to the gonad dose could proceed. An approach to the 
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manufacturers of X-ray apparatus is recommended in connection with these 
suggestions. 

(VII) As far as the internal use of Fadionuclides is concerned, it is thought 
that their contributicn to the gonad dose is small at present. However, an 
assessment could be made, starting from the data which are commonly available, 
on the quantities of such nuclides which are supplied in each country for 
medical purposes. 

(VIII) Details of the distribution of examinations and treatments in terms 
of age and sex may be most readily obtained by enlisting the assistance of 
national medical and similar societies. For this purpose, such societies could 
circulate their members with a questionnaire of an approved type and furnish 
the data to the commissions or to a national representative of the commissions. 


4, THE DOSES TO OTHER ORGANS OF PATIENTS * 


Detailed consideration was not given to this aspect of the problem during the 
informal meeting of the two commissions in New York. It is obvious that any 
particular organ or organs can be dealt with in a similar manner to that out- 
lined for the gonads, once the investigation into average organ-dose versus skin- 
dose has been completed. However, the skin itself is one of the organs of 
importance, and in this case it appears desirable to estimate the aggregate dose 
to each part of the skin having an area in excess of the “significant area” of 
1 em *, 

It is clear that an attempt to obtain records or data on this aspect of the 
problem would assume enormous proportions unless the number of organs 
selected for investigation were to be strictly limited; and it is suggested, at the 
outset, that consideration be given to the “critical organs” specified by ICRP 
for protection purposes. These are (apart from the gonads) the skin, the 
blood-forming organs, and the iris (lens). 

It is important to note that where those other organs are concerned, the 
maximum dose likely to be received by an individual is the primary considera- 
tion, although doses averaged over the community might be of interest as re- 
gards effects that are only detectable statistically. In these circumstances, if 
it is decided to keep records, it would not suffice to confine them merely to age 
and sex. Sampling procedures would also have a rather restricted value. 


5. OCCUPATIONAL EXPOSURE OF ALL THOSE USING, OR IN THE VICINITY OF, SOURCES OF 
IONIZING RADIATION IN MEDICAL AND ALLIED FIELDS, 


It is not clear whether or not the U. N. Committee intended to include this 
subject in the study. However, it is of sufficient importance to merit some 
consideration, although the contribution to the aggregate gonad dose of the 
population is at the present time relatively small. Provided the recommenda- 
tions of ICRP are followed, the dose to the gonads received from occupational 
exposure up to the age of 30 (the approximate mean age of reproduction) will 
not exceed 50 rem. The injected dose from those occupationally exposed will 
therefore not exceed 50 rem multiplied by the number so exposed. To this must 
be added the dose received by those persons in uncontrolled areas around 
each installation, where the recommended dose in 30 years would not exceed 
15 rem (5 rem per decade). It is highly probable that, although this latter 
group might be larger than the occupationally exposed group, the injected dose 
would be less, and thus the total injected dose will be less than twice the dose 
received in controlled areas. 

From the point of view of the population, the study should not be compared 
to the medical and allied fields, but should include all sources of occupational 
exposure; and it is suggested that the evaluation of the total injected dose due 
to the occupational use of ionizing radiation be given consideration in all the 
countries concerned in the main study. 

In this connection, the keeping of formal records is a much less formidable 
problem than for the general population, and is beginning to be considered a 
worthwhile undertaking in order to insure that the limits set for exposure 
up to the age of 30 and for each succeeding decade are not exceeded. 


1Secs. 1-3 of this memorandum were approved by an informal joint meeting of ICRP 
and ICRU in New York, November 1956. Secs. 4-6 were prepared by the acting secretary of 
the ICRP at the request of the meeting, and have not been reviewed by the Commissions. 
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6. IMPLEMENTATION OF THE STUDY 


Document ICRP/56/43, ICRU /56/26 outlines the scheme prepared during the 
joint meetings for implementing the study. Briefly, the study is divided into 
5 tasks, each the responsibility of a person selected by the joint Commissions. 
These tasks are as follows: 

Task 1. The coordination of information regarding the gonad dose for 
males and females in terms of skin dose for each type of X-ray or y-ray 
beam therapy. Also, the coordination of information relating to the aver- 
age skin dose and doses to other organs of the body during such examina- 
tions an. treatment. 

Task 2. The coordination of information regarding the possibility and 
merits of the complete recording of the radiological history of the whole 
population— 

(a) for each individual; 
(b) for each age group and sex. 

This study is to include the cost and the effort required for this complete 
recording. 

Vask 3. The coordination of information regarding various methods of 
sampling, e. g., of individuals, of installations, of professional people. 

Task 4. The coordination of information regarding the possibility of 
using approximate methods, e. g. data supplied from health or social se- 
curity agency records; film supplies; X-ray tube turnover; recording total 
exposure of X-ray tubes; integrated dose measurements; questionnaire of 
professional people. 

Task 5. Coordination of information regarding the doses delivered by the 
use of radionuclides directly injected or ingested in the body, both for the 
diagnostic and therapeutie purposes. 

National leaders for some countries have been selected and others are being 
sought from among the members of the two Commissions. In addition, the 
radiological societies of those countries affiliated to I. C. R. and not covered by 
the above are being approached. In this way it is hoped to initiate studies in 
a large number of countries, which will be coordinated by the Commission task 
leaders. Arrangements have been made for a full exchange of information 
between the various persons concerned and it was considered that the work 
would be considerably facilitated if each of the Commission task leaders pre- 
pared a brief memorandum outlining his own particular task for the benefit of 
the national leaders. 

As the time available for the study is very short, a time table has been worked 
out which it is essential to follow. The whole study will be coordinated by the 
Secretary of ICRP,’ to whom any requests for further information should be 
addressed. 


Apri 19, 1957, 
UnitTep States Task Report on ICRP/ICRU/UN Srupy 
THE PROBLEM 


During the New York meetings of the ICRP/U in October-November 1956, the 
Commissions were invited by the U. N. Scientific Committee on the Effects of 
Atomie Radiation— 


(a) To consider and discuss the question of how to arrive at reliable data 
indicating the doses to different parts of the body (particularly the gonads) 
received by individuals and, in the aggregate, by large population groups due 
to the medical use of ionizing radiations ; 

(b) To examine what recording system, if any, is at present feasible for 
the determination of the relevant dose values ; and 

(c) As a result of these studies, to submit to the Scientific Committee 
on the Effects of Atomic Radiation as soon as possible, and in any event 
before September 1, 1957, a report upon their deliberations and conclusions 
on the subjects (a) and (b), and to make any appropriate recommendations. 


2Mr. W. Binks, director, Radiological Protection Service, Clifton Avenue, Belmont, 
Sutton, Surrey, England, 
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In the following, the discussion applies primarily to the gonadal dose, but it is 
understood that the same arguments apply to the dose to other parts of the body. 
The problem, of course, becomes more complex for multiple organs, whole body 
or integral dose, bone marrow, etc., in ascending order. 

In order to complete this project and to spread the work out as much as 
possible, the two Commissions at that time decided to divide the work into five 
tasks. 


Task 1. General: Gonad dose versus skin dose and average dose per 
examination. 

Task 2. Complete recording for entire population. 

Task 3. Sampling procedure. 

Task 4. Approximate methods: 


(a) Health and social security agency records. 
(0) Film or X-ray tube records. 
(c) Questionnaire to professional people. 


Task 5. Dose from unsealed radionuclides. 


The first deals with the determination of the dosimetry factors (dose to the 
gonads per unit skin dose or per examination of the different types) ; the next 
three deal with methods of arriving at statistics either on the number of exami- 
nations on, or the skin dose to, the population from different diagnostic and 
therapeutic applications of external radiation; the fifth deals with the gonadal 
dose from diagnostic and therapeutic applications of internal irradiation. 

During a meeting of the United States task leaders in New York on March 19, 
1957, the problem was further discussed and the following position stand taken: 


RECOMMENDATIONS 


1. In view of the attainable accuracy and the significance of the final results 
by any method, it is considered that the most useful immediate method for ob- 
taining an estimate of the total gonadal dose to the population would be through 
the use of indirect statistical sampling. Parameters in this sampling include 
film consumption, number and types of X-ray machines, number of users,’ dis- 
tribution of types of examinations, published data on gonadal dose, ete. The 
results in the report by Laughlin and Pullman on the estimated gonadal dose to 
the United States population from the medical use of X-rays was arrived at by 
the methods considered independently at the October-November 1956 meeting of 
the two Commissions. The outstanding factors which make the final results un- 
certain include (1) the variation in the gonadal dose per examination for differ- 
ent users and in certain types of examinations such as fluoroscopy plus weight- 
ing errors in age and procreative potentiality, and (2) the actual number of 
examinations performed by each group of users. The former, (1), probably 
produces the greater uncertainty in the final results; the latter, (2), may be 
somewhat indirectly checked by, for example, the number of films sold. Pres- 
ently published results of data on gonadal dose probably represent the best that 
can be done without a majer effort to improve the overall accuracy of the input 
data. The elimination of some data of dubious value and the addition of new 
data from types of users that have not been adequately sampled could possibly 
result in some improvement of the final result by this technique. However, such 
results would have to be tested for statistical adequacy. 

Until there is much better knowledge of the gonad dose in relation to specific 
type of examination, there seems to be little point in the employment of more 
elaborate and more costly evaluation procedures. For purposes of determining 
the future trend (increase or decrease) of the population gonadal dose by this 
sampling method, it would probably be necessary to introduce some relatively 
simple record procedures to improve the significance and accuracy of the results. 

2. It was agreed that a preferable method of arriving at the gonadal dose is by 
population sampling. This could best be done by determining the gonadal dose 
administered by a representative sample of the users of radiation. Such a sur- 
vey should probably also include a sampling of the recipients of the radiation 
to determine if, in the future, information obtained from them would be of 
value. Sampling would include not only the distribution of examination types 
but also the actual dose delivered to the gonads from each examination. No 


1By user is meant the person applying radiation to a patient for medical purposes, 
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attempt would be made to do this on a name basis but rather on an age bas 
It was also recognized that the investigation itself would encourage improv 
procedures resulting in a reduction of the gonadal dose, and this would make 
uncertain the dose that had been delivered prior to the investigation. However, 
this reduction was considered more important than the determination of the dose 
given in the past. 

A full-fledged sampling program, of course, should be preceded by several 
trial sampling programs. Population sampling does not have to be continu- 
ous but should be periodically repeated. The change in the dose during inter- 
vening periods might be adequately estimated from data on supplies such as 
films, X-ray tubes, ete. This may be worth doing even if the larger sampling 
program does not prove to be economically or technically feasible as learned 
on basis of trials. 

3. From the point of view of bringing about a desirable decrease in popu- 
lation dose, it is believed that direct efforts toward this end would be most 
profitable. This can be accomplished best by educating the user rather than 
by alarming the patient. Educational procedures would include such items 
as: 

(a) Preparing and circulating through professional channels suitable 
information on good radiologic practices. 

(b) Including in medical school curriculums adequate instruction on 
radiation effects and on improved radiologic practices and procedures. 

(c) Providing information and guidance that emphasizes the need for 
judgment in respect to the indications for radiologic diagnosis and ther- 
apy in relation to possible radiation hazards; in other words, develop an 
awareness of the need to balance carefully the health benefit against the 
possible risk to either the individual or the race. 

Concurrently, there should be additional study and research on: 

(a) Methods and techniques for performing radiation diagnostic pro- 
cedures with less exposure of the patient generally and the gonads 
in particular. 

(b) Development of new apparatus and techniques that will provide the 
requisite diagnostic results with minimum patient exposure. 

(c) Establishment of more reliable data on the relationship between gonad 
(and other organ) dose and given types of diagnostic procedures. 

(d) Development of improved methods and apparatus for measurement 
of radiation dose, particularly during fluoroscopic procedures. 


REMARKS ON OTHER MEANS FOR EVALUATING POPULATION DOSE 
Task I 


4. Before any precise evaluation of gonadal dose to the population can be 
made, certain new basie studies will be necessary. Analysis of existing data 
has yielded about all the information possible; at this point most past informa- 
tion might as well be disregarded. Acceptable procedures and instrumentation 
must be established and evaluated for practical application in determining gonad 
dose under the wide variety of conditions encountered in medical practice. Sta- 
tistical analysis of the results must be proven by actually working with suitably 
sized patient samples. Field studies will be necessary. 

For many radiographic procedures the problem is relatively simple, but for 
some the problem can be quite difficult. For fluoroscopic procedures it will be 
extremely difficult to determine the gonadal dose under “average” conditions, 
as this involves so many personal factors that will vary widely between phy- 
sicians, between different patients when something abnormal is found, ete. 
Until these studies can be completed (probably many years, if ever), there is 
little point in setting up elaborate and costly recording systems. It is possible 
that as a normal consequence of these studies such improvements will develop 
as to eliminate the supposed need for recording. 


Task II 


5. An attempt to determine the dose to each person of the population, either 
by name or by age group, is not considered feasible for the United States for 
such a system would have to depend upon the users of the radiation reporting 
accurately the dose received. This cannot be done accurately because (1) the 
gonadal dose per examination is not accurately known, and (2) only a very small 
percentage of significant returns would be anticipated. This anticipation is 
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based upon results of surveys covering items that are much easier to report. 
Because of the small percentage of good returns expected, the results of such 
a study may be badly biased in the direction of the procedures used by the more 
conscientious reporters. 

6. No system or plan for universal recording of the gonadal dose of the whole 
population is considered as desirable or feasible, certainly for the foreseeable 
future. 

(a) Complete recording by individual and age groups: 

Basic gonad dose data is lacking; 

Cost is excessive ; 

Purpose is questionable ; 

Genetic analysis in future is uncertain (10 to 20 generations of data 
needed) ; 

Method is unnecessarily complicated, if only to determine population 
gonad dose; 

Accuracy is no greater than from simpler methods. 

(b) Recording by age groups only: 

Basie gonad dose data is lacking ; 

No way to adequately collect and utilize records so kept; 

Loss of records would destroy statistical value ; 

Self-carried cards may have adverse psychological effect on individuals. 


Task II 


7. Certain types of sampling procedures may be of value and will assist in 
providing some of the necessary data on gonad dose. (See par. 2.) These pro- 
cedures must not be entered upon hastily. A full-fledged population sampling 
program must be preceded by several trial sampling programs. It is quite 
possible that, in time, a suitable sampling may be developed such that if 
repeated, say, every 10 years, the trends of population dose may be determined. 
A check every 10 or 20 years should be adequate for control purposes. Devel- 
opment of a reasonably adequate sampling procedure for the United States 
might cost of the order of $300,000 per year for 5 years. Once developed, a 
population sampling procedure might replace the indirect statistical sampling 
procedure outlined in paragraph 1. 


Task IV 


8. Approximate sampling methods have been recommended for use in esti- 
mating the total gonadal dose of the whole population. 

(a) Health and social security records have a limited usefulness; by 
themselves they will not provide the information needed. 

(b) Film sales provide one useful source of information on the radio- 
graphic load in this country. 

(c) X-ray tube records are of little value in arriving at the dose ad- 
ministered. 

(d) X-ray apparatus records will provide some useful information. 

9. Some estimates of the gonadal dose to the population may be made by 
means of questionnaires sent to radiation users through their professional 
organizations. Experience with questionnaires in other connections indicates 
that their effectiveness may be doubtful for various reasons: 

(a) Basic data on gonadal dose is lacking ; 

(6) Reporting will be too careless ; 

(c) Returns will be small and are likely to be biased by data submitted 
by the more conscientious reporters. 


Task V 


10. The gonadal dose from unsealed radionuclides is inconsequential at 
present. 





[Task 1, United States] 


RECOMMENDATIONS FOR PLAN OF Stupy oF TASK 1 WITHIN THE UNITED STATES, 
Unpver UNITED Nations’ SCIENTIFIC COMMITTEE ON THE EFFECTS OF ATOMIC 
RADIATION 


Task 1 is concerned with the procurement of data on the gonadal dose 
received during medical diagnostic and therapeutic X-ray procedures. In the 
outline of study by the ICRP, task 1 is 1 of 5 tasks slated for investigation 
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by the U. N. Scientific Committee on the Effects of Atomic Radiation. Tasks 
2, 3, and 4 are also closely related to the problem of radiation dosage during 
medical X-ray procedures. Task 1, however, is primarily concerned with 
dosimetry, whereas tasks 2, 3, and 4 are primarily concerned with statistics. 
For example, E. E. Smith, international commission leader for task 1, cites in 
his instructions to national task leaders that task 1 is concerned with the 
development of “a set of factors which gives directly the average gonad dose 
for each type of examination.” Smith then goes on to state that “when the 
table of factors has been obtained, it will be possible, by combining them with 
details of numbers of examinations of each type in terms of age and sex, to 
assess the aggregate genetically significant dose.” 

Although task 1 is primarily concerned with dosimetry, there is a major 
statistical aspect involved in it. For example, the dosimetric values obtained 
in task 1 will be greatly reduced in value unless they have been obtained on 
subjects who are representative of the general population receiving diagnostic 
or therapeutic exposure. It is therefore strongly recommended that, at the 
outset, there be established for the United States task force, at least, an 
advisory committee consisting of a biostatistician, an epidemiologist, a geneti- 
cist, a physicist, and a radiologist to coordinate the efforts undertaken within 
the various tasks. 

To illustrate the need for such an advisory committee still further, atten- 
tion is called to a study to be undertaken soon under the Radiation Study 
Section of the National Institutes of Health in which a statistically wide range 
of individuals of varying physical types will be studied dosimetrically for 
gonadal dose. More will be said about this study a little later. However, it 
will be quite clear that unless tasks 2, 3, and 4 provide data of the range of 
body types which are expected in the various age and sex groups, the dosimetric 
study will be greatly reduced in value. As far as the United States is con- 
cerned, I do not know how an advisory committee of the type suggested can 
be financed. However, unless an advisory committee with representation of 
the several disciplines which have been recommended is established, this study 
is likely to progress little further than previous studies. 

It may be argued that the various task leaders may seek, at their discression, 
consultation in statistics, epidemiology, genetics, etc. However, such consulta- 
tion does not provide the unifying force which is needed for the various task 
leaders to proceed most effectively. 

As far as the procurement of gonadal dosage data is concerned, one may 
proceed in several ways. Before any of these is discussed, it may be well to 
outline the major variables which influence the gonadal dose following a diag- 
nostic or therapeutic procedure. These factors may be divided into four 
principal groups: 


(a) Patient factors: 

(b) Procedural factors; 

(c) Equipment factors; and 

(d) In the case of fluoroscopy, professional factors. 


Under patient factors, sternal-public distance and anatomical thickness per- 
haps are two of the principal variables. Under procedural factors, field location, 
field size, anatomical projection and beam angulation constitute some of the 
principal variables. In regard to equipment, kilovoltage, filtration, and genera- 
tor wave forms are three important variables. In regard to the professional 
variable of fluoroscopy, marked variation occurs, of course, between one physi- 
cian and another. 

From the large number of variables set forth in the preceding paragraph, it 
is quite clear that the procurement of data for the fulfillment of task 1 neces- 
sarily is quite complex. A number of investigators have suggested that these 
data may be obtained by dosimetric measurements on a large population group 
involving many hospitals and physicians’ offices, sufficient to obtain statistically 
significant values through the range of radiographic, fluoroscopic and thera- 
peutie procedures normally encountered in medical radiology. Such a study, 
however, seems enormously costly, and, furthermore, much of the work involved 
in this type of investigation would be concerned with work carried out by the 
remaining tasks 2, 3 and 4. Furthermore, when all of the data under such a 
plan would be at hand, they would tell little more than what the dosage values 
have been under past circumstances. They would not be particularly valuable 
in the estimation of the gonadal dose under future conditions. Perhaps, most 
important of all, they would not be too valuable in the development of a set 
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of standards of radiologic procedure which the medical profession in the future 
might follow to insure minimum dose to the gonads. 

The establishment of a set of standards of radiologic procedure seems very 
important from a number of aspects. First, from the data supplied by the 
British and United States Committees, presented late in 1956, it appears that 
the gonadal dose of the general population during the significant reproductive 
period of life, is of the same order as the dosage received from background 
radiation. A perusal of the radiologic literature during the last several years 
indicates that radiologists have not been greatly concerned with the mainte- 
nance of minimum dosage to the gonads and hence there is some reason to 
believe that, by a well-regulated set of standards of radiologic procedure, the 
gonadal dose of the general population might be reduced to a relatively small 
fraction of that received from background radiation. Therefore, it appears 
quite clear that, if at all possible, the data obtained under Task 1 should be of 
a type which is not only useful in telling what the gonadal dosage has been in 
the past, but what procedures and regulations might be developed in the future 
to reduce substantially the gonadal dose in medical radiologic procedures and 
yet retain all of the benefits that these procedures yield. 

The studies, referred to above, to be undertaken under the auspices of the 
Radiation Study Section of the National Institutes of Health, appear to be of a 
type which will accomplish just such objectives. In this study, a statistical rep- 
resentative group of subjects will be irradiated through a wide range of kilo- 
voltage, filtration, and wave form, and with the data recorded in such a manner 
that gonadal dose may be readily determined for essentially a continuous range 
of field sizes and field locations. In this study, considerable reliance will be 
placed upon computing techniques. The data will be collected also in such a 
manner that, as new techniques develop in the future, they will provide ready 
assessment of the dosage conditions under these new techniques. 

It is not implied from the foregoing that the techniques to be followed under 
the Radiation Study Section investigation are the only ones which should be 
investigated in the United States. Indeed, the Advisory Committee, referred 
to above, may well determine that a number of other studies should be pur- 
sued. However, it appears quite desirable that whatever studies are followed, 
their ultimate objective should not only be the procurement of dosage data 
under present-day conditions, but also data in such a form that ultimately, 
within a short time, there may be established a set of standards of operating 
procedure in radiology which may be adopted and employed by physicians 
everywhere to insure that the gonadal dose in medical radiology to the popula- 
tion at large is substantially below that received from background radiation. 


RusseLtt H. Morgan, M. D. 
Fresruary 25, 1957. 


[Task 2, United States] 
Costs OF RECORDING PROCEDURES (TO THE PHYSICIAN) 


To obtain some rough idea of the cost to the medical profession (and hence to 
the patient) of a central recording system, the attached forms were submitted to 
two radiological groups for study. One group was a moderately large private 
office, and the other a hospital clinic. Each was known to have good cost- 
accounting practices. 

Estimates from both were essentially the same. Costs were based on a daily 
load of 50 patients, thus making it possible to use quantity recording techniques. 

Use of either form A or form B would be about the same. While the former 
ealls for more individual record forms, the latter requires the same information 
and, in addition, necessitates a sorting process to group the irradiations in the 
proper category. It was thought that if a cost difference were to develop, the 
form B would be the more costly. 

For a daily workload of about 50 patients, the minimum cost of recording and 
reporting the examinations or treatments would be about $0.30 per patient. For 
patient loads of less than 10 per day, the probable minimum cost would be about 
double, or $0.60 per patient. 

If it were required to estimate the gonad dose for each patient the costs would 
be substantially larger if it was necessary to estimate any closer than within 
a factor of 20r3, This is based on current practices, equipment, and techniques. 
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Costs might be lowered somewhat, if in the future, suitable instrumentation tech- 
niques were made available—provided the instrumentation is not too costly. 


L. S. TAYLOR. 


Various proposals relative to the recording of the medical exposure of the 
whole population are being studied. We are now concerned with the cost of this 
to the physician, from the point of record keeping and reporting to some central 
agency. 

Attached are two sample forms. 

Form A would be filled out in triplicate for each patient, and copies of all 
forms sent in weekly to the central agency. 

Form B would be filled out weekly and sent to the agency. This would group 
all exposures together by age, type of irradiation, and in the case of therapy, 
the dose. In essence this gives the total dose delivered per week by the physi- 
cian, but is not associated with any individual patient. 

For conditions in your office will you please estimate the number of man- 
hours per week and the cost that would be required for filling in and submitting 
form A? Form B? What would it cost per year to maintain your own perma- 
nent records and copies of the same? 

For purposes of comparing costs where large and small numbers of patients 
may be involved, it is necessary to relate these to the approximate weekly patient 
load. 

Do not be concerned about the particular sample forms attached. They are 
admittedly inadequate, and are designed mainly to show the number of entries. 


FORM A 


Information needed (for individual report) : 
Name: 
Address: 
Age: 
Date: 
Sex: 
Social security number :* 


1. Radiological examination: 
(a) Radiographic: 
Region 
Film size 
Number of films 
a vee. 
(b) Fluoroscopie 
Region 
Ma-see 
BB. Y.2- 
. Therapy: State dose and region. 
. Instructions: Send 1 copy to agency, 1 copy to patient, and retain 1 copy. 


wr 


FORM B 


Information needed (weekly group report) : 
1. Radiographic (age: 9 months to 30 years). 
Number of exams by type (probably about 20 types) : 
Head 
Neck 
Chest 
Heart 
G. I. 
Extremities, ete. 
. Radiographic (age, over 30 years) (same types). 
. Fluoroscopie (age, 9 months to 30 years) : 
Number of milliampere minutes by type of examination (probably about 
8 types). 
4. Fluoroscopie (age, over 30 years) (same types). 
5. Therapy: Give total dose (skin) by regions (probably about 10 regions). 


wr 


1If person has no social security number, provided necessary application forms and 
submit same within report, 
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[Office memorandum] 


UnitTep STATES GOVERNMENT, 
BUREAU OF THE CENSUS, 
April 1, 1957. 
To: Dr. Lauriston S. Taylor, Chief, Atomic and Radiation Physics Division, 

National Bureau of Standards. 

From: Morris H. Hansen, Assistant Director for Statistical Standards. 
Subject: National radiation registry. 

This relates to your memorandum of March 18 and our telephone discussions 
as well as your conversation with Mr. McPherson of our Bureau. 

We have estimated only very rough order-of-magnitude costs. Our estimates 
can be viewed, we believe, as minimal since we have assumed that the most 
modern (in terms of present art) equipment can be used. Particularly impor- 
tant is our assumption that manual transcription of information on report 
forms will not be necessary. Instead, we assume that Fosdie report forms 
could be used. As you know, Fosdic scans microfilm copies of reports and tran- 
scribes the intelligence recorded on the form to magnetic tape. 

Our approach coniemplates continuous processing of the reports through the 
microfilming operation and periodic processing of the rolls of microfilm through 
Fosdie and an electronic computer. We arbitrarily decided that the Fosdic and 
computer work might occur 4 times every 10 years. Unless the microfilming is 
kept current the accumulation of reports would constitute a tremendous storage 
problem. 

We estimate that between 35 and 50 million dollars would be required to defray 
the cost for the first 10 years of the method we visualize. Most of this would be 
spent at a rate of 244 to 3% million dollars per year to defray the cost of 
microfilming and the work precedent to microfilming. 

About $6 million would be required to buy microfilm cameras, Fosdies, and 
magnetic tape. We have not included the capital cost of electronic computing 
equipment. Instead we have assumed that equipment owned by the Govern- 
ment would be available when needed. The only computer costs we have 
included are the operating and maintenance costs for 3 computer years to be 
used 4 times per decade. These are estimated to be from $300,000 to $500,000 
each of the 4 times we have assumed they would be required during a decade. 

Broadly described, the plan we used to make these estimates would be oper- 
ated as follows: 

Steps 1 to 3 below would be continuing work: 

1. The reports, both individual and weekly group reports, would be 
designed using a Fosdic format. We believe all the information you 
describe with the exception of name and address could be recorded so that 
a Fosdic could read it. 

2. A. The individual reports would be manually processed through a 
name-coding operation in which 3 or 4 significant characters of surname 
would be recorded in a manner amenable to reading by Fosdic. 

B. The weekly reports would also be manually coded and edited prior to 
microfilming. The details of this process would have to be worked out. 
Our estimate makes allowance for some premicrofilming work. 

3. Microfilm the reports. 

Steps'4 and following would be prosecuted when the necessary electronic 
computer time was available. 

4. Transcribe from microfilm to magnetic tape through Fosdic. 

5. For individual reports match each report against a master list showing 
social security number and name. Note here that the 3 or 4 letters of 
surname coded in accordance with 2A above would be used to isolate prob- 
lems for special handling. 

6. Update a master file on which— 

(a) For individuals—the exposure history for each different per- 
son would be summarized. 
(bo) For groups—a similar summary would be made. 

Obviously, we have only a sketchy picture of the job to be done. To make 
firm estimates a much more detailed job of planning would be necessary. A 
few of the considerations neglected completely in our estimate are: 

1. How critical a review of the original reports is necessary? Obviously, 
if high standards are imposed there would be a lot of communication with 
original reporting sources. On the other hand, an attitude that says we'll 
do the best we can with what we get, can practically eliminate the need for 
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checking back with the original reporter. Of course, costs are affected by 
the policy established here. 

2. How much will it cost to obtain a file on magnetic tape giving social 
security number and name? Our estimates assume that such a file could be 
made available at essentially no cost. 

3. From the point of view of long-range use is name of person adequate? 
Would names of parents, spouse, and issue be necessary to facilitate analy- 
ses of a genealogical nature? We have completely disregarded these 
questions. 


Our efforts to prepare estimates for you lead us to the following question 
which you may want to consider. 


In view of the long-range objectives of a national registry of radiation 
exposure should our generation attempt to do anything more than storage of 
information in a form we hope would be useful to future students of this 
problem? 

Perhaps the most that should be attempted now would be a plan to store 
microfilm copies of forms containing information such as you describe. We 
might very well leave to the future the task of deciding how to process such 
information. As indicated above something of the order of 2 to 4 millions of 


dollars per year would in our opinion, defray the cost of the preparation of 
such microfilm. 


[Task 2—ICRP/ICRU] 
CoMPLETE RADIATION ExPosuRE RECORDING FOR THE ENTIRE POPULATION 


FEASIBILITY STUDY FOR THE UNITED NATIONS SCIENTIFIC COMMITTEE ON THE 
EFFECTS OF ATOMIC RADIATION 


The feasibility of recording the radiological history of the entire population 
of the United States was examined and will be discussed below in terms of the 
following three systems: 


A. Centralized recordkeeping of the total radiation exposure identified by 
individual. 

B. Centralized recordkeeping of the total radiation exposure by groups 
without identification of the individuals. 

C. Radiation exposure record keeping by means of records carried by the 
exposed individual. 


The general nature of the first system is probably self-explanatory. Although 
final details were not developed, it was visualized that a system resembling, at 
least in broad outline, the current old-age and survivors insurance (social 
security) recording system in use for over 100 million individuals in the United 
States today, could be developed. 

The second proposal would be similar except that no attempt would be made 
to keep a record of radiation exposure by individuals, but rather the total 
exposures would be recorded by groups selected in such a manner as to provide 
the desired data regarding the probability of reproduction. 

The third system implies that each individual would carry a card or other 
type of record on which could be recorded his radiation exposure each time it 
occurs. 

A problem common to any system is related to the lack of knowledge, by many 
practitioners of the healing arts, of the actual dose delivered in any particular 
examination or treatment. A solution to this problem is assumed to be a re- 
sponsibility of task 1, but is mentioned here in order to emphasize that any of 
the above three systems, even if feasible in all other regards, could not be put 
into effect pending the completion of at least a major portion of the activities 
involved in task 1. 


A. Centralized recordkeeping of the total radiation exposure identified by 
individual 
Assuming that task 1 were sufficiently well completed to make the data reason- 
ably available, this system of recordkeeping theoretically should provide informa- 
tion regarding the radiation exposure of any individual in such a form that it 
could be utilized for followup studies of a research nature, and be susceptible to 
relatively simple tabulation of information concerning the average radiation ex- 
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posure of groups of individuals with any given probability of reproduction. The 
problem was explored primarily with the assumption that the magnitude of the 
task would be such as to preclude the possibility of recording exposure data 
| other than that to the reproductive organs. It was further assumed that the ad- 
: vantages of this system, as compared te system B, would be lost unless actual data 
concerning each individual exposure (rather than average figures for typical 
examinations under typical circumstances) were available. It appeared that the 
procedure most likely to be feasible would involve the design and distribution, 
under the supervision of a central repository, of exposure record cards which 
would be coded in such a manner that for each individual radiation exposure 
it would be necessary to indicate only the following information: 
1. Name of individual 
2. A serial number 
3. The amount of radiation exposure to the gonads 

The card might be prepared in such a manner that the information regarding 
dose could be indicated by filling in a printed circle on the card corresponding 
to the proper code. If an individual card were prepared for each exposure, all 
ecards could be mailed to the central repository where the necessary tabulation 
would be accomplished automatically by tabulation equipment, or more likely by 
“magnetic memory.” Based on the assumption (which checks reasonably well 
with the data in the report entitled “Gonadal Doses Received in the Medical Use 
of X-Rays” prepared for the genetics panel of the National Academy of Sciences 
by Drs. J. $. Laughlin and I. Pullman dated November 19, 1956) that there would 
be approximately 100 million individual exposure items reported annually, and 
the further assumptions that reports would be received from approximately 
100,000 reporting entities (practitioners, hospitals, etc.) and that there would 
be 5 million requests annually for information, these requests requiring only a 
statement of total accumulated exposure of an individual to date, the Bureau of 
Old-Age and Survivors Insurance has estimated that the cost to the central re- 
cording office would be approximately between $8.5 million and $15 million per 
year. To be possible in operation, the system could not keep exposure data cur- 
rent on a day-to-day or even week-to-week basis. It would therefore not be 
usable in determining the total exposure including that from recent series of 
examinations, as a basis for deciding the desirability of any particular proposed 
exposure. This estimate does not include the cost to the reporting entities of 
preparing and submitting the data. The cost of this latter item is not susceptible 
to accurate estimate because of lack of valid data. 

Following informal discussions with practicing radiologists, it seems fair 
to assume, however, that the additional expense involved would not be sufii- 
ciently great to significantly affect the cost limits set forth above for the central 
operation alone. Although the cost factor to the reporting entities may be rela- 
tively small, the impact on these entities of requiring such reports would be by 
no means insignificant. Thus, although the workload added to the reporting 
entities is such that it would probably not require the addition of personnel for 
the sole purpose of handling this problem, except in relatively large installa- 
tions, the burden of preparing these reports, no matter how simple it might be, 
when added to the other recording problems inherent in the clinical practice of 
radiology, whether by radiologists or nonradiologists, might well be great enough 
to seriously affect the completeness and accuracy of reporting and thus the com- 
pleteness and accuracy of the final data. 

The cost estimate indicated above does not include an item to cover the assign- 
ment of identification numbers. Almost all working males and the majority 
of those females who are gainfully employed presumably already have assigned 
to them a social security number which could be used also for the purpose of 
radiation record keeping. Since a large portion of the population has or will 
have such a number assigned irrespective of whether or not a central radiation 
exposure recordkeeping system were established, it was felt justifiable not to 
charge the cost of this item, for purposes of this discussion, to radiation record- 
keeping. At the same time it must be recognized that there are millions of 
people who would be required to obtain an identification number for radiation 
exposure records and who would otherwise not find such a number necessary. 
It is obvious, too, that in most cases the need for a radiation exposure number 
would occur in an individual’s lifetime prior to his need for a social security 
number. In fact the feasibility should be explored of assigning to each indi- 
vidual at birth a number which could be used as needed in the future. 

In considering its feasibility, it is essential to take into account the probable 
errors in this system. In addition to those errors which will inevitably be 
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introduced by lack of complete or accurate data in all cases, the degree of error 
depending upon the completeness and accuracy of Task 1, the most obvious 
source of error is related to incompleteness of reporting. Although it appears 
possible that with proper controls the completeness of reporting might be such 
that the data would be usable for determination of average exposures, it also 
appears likely that in many cases the data would not be sufficiently complete 
to be satisfactory as a record of exposure to individuals. Thus, it is likely that 
one of the principal theoretical advantages of this system would not exist in 
practice. Data in situations which might be considered reasonably comparable 
are not available. However, it has been found, for example, that appreciable 
difficulty is encountered in obtaining complete reporting on such relatively sim- 
ple matters as births and deaths. The importance of recording of this type is 
universally recognized. In spite of this fact, strong legal and administrative 
controls are necessary to maintain this reporting at a high rate. Because of the 
existence of these controls, which would be difficult or impossible to duplicate 
in the field of radiation recordkeeping, the experience with birth and death 
records is not considered applicable to this problem. A situation which is per- 
haps more comparable is that of the reporting of communicable diseases. It 
has ben estimated that the completeness of reporting of communicable diseases 
averages less than 50 percent. Even here, the situation is not considered directly 
comparable to radiation exposure records because of the relative simplicity of 
communicable disease reporting, as well as the indeterminate factor of the 
psychological approach of reporting entities. 

It is interesting to note that the only identifying data necessary would be the 
name and number. The Bureau of Old-Age and Survivors Insurance has made 
extensive studies which indicate that the possibility that a minor error in re- 
cording the number would lead to the crediting of the data to another individual 
with the same name and a similar number is so remote as to be negligible. 


B. Centralized recordkeeping of the total radiation exposure by groups with- 
out identification of the individuals 

The system under consideration here would be somewhat similar to system 
A except that no attempt would be made to record the data with identification 
of the individual involved. Instead, the data would be recorded by groups 
es.ablished on the basis of reproductive probability. The task would be made 
somewhat complicated as there are many factors in this country which affect 
the probability of reproduction. The most obvious one and the one mentioned 
most commonly is that of age. A most important factor, and one which is 
often overlooked, is that of health status. To the best of my knowledge there 
are no data currently available concerning the degree to which radiation ex- 
posure is a function of diseases which affect reproduction, but it is logical to 
assume that a large proportion of both diagnostic and therapeutic radiation 
exposure is to individuals suffering from a disease which has an adverse effect 
on the probability of reproduction. There are several additional factors, such 
as socioeconomic status and religion, to mention but two. The number of 
groups necessary to maintain validity of the data would, of course, depend on 
the number of the variables. These would probably not have a major impact 
on the cost of the system in terms of the central operation, but would add to 
the number of factors to be coded for each exposure and thus would add sig- 
nificantly to the load on the reporting entities. The system, as suggested here, 
could probably be accomplished with the least expense and difficulty to both 
the central agency and the reporting entities if it were set up technically on 
a system similar to system A—that is with individual record cards for each 
exposure, but without name or identification number, and with the addition of 
appropriate coding for the other variables involved. 

It has already been pointed out that the task of the reporting entities under 
the system would be approximately the same as that under system A. How- 
ever, it would not be necessary to include names, but would be necessary to 
include additional data regarding the variables which affect the probability of 
reproduction. 

System B could be used if the reporting entities indicated the type of exam- 
ination, rather than individual dose, provided that information is available 
from task 1 concerning average exposure data and if it is found that the factors 


related to reproductive probability do not affect the average dose for any given 
type of examination. 
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The cost of maintaining a central recording agency to record statistics from 
group reports has been estimated to be between $250,000 and $500,000 per year. 
This figure includes the cost of maintaining a file of reporting entities to pro- 
vide followup on the completeness of reporting. 


C. Radiation exposure recordkeeping by means of records carried by the exposed 
individual 

The success of this system would depend to a great extent on the cooperation 
of exposed individuals in carrying and maintaining individual exposure records. 
If such cooperation were complete, this system could, in theory, provide the 
Sime information obtainable under system A, except that the information would 
be available only to persons having access to the individual personal exposure 
records. 

This system is dependent upon the successful completion of task 1 to the same 
degree and with the same accuracy as for system A. It is quite possible that 
the element of bias on the part of the reporting entities would be more serious 
under this system than under system A. 

There are no data available on comparable systems that might have been 
used for other than radiation-exposure recording. It has been established, 
however, that even in the instance of such relatively simple information as 
immunization records, where the importance is readily recognizable, individuals 
do not maintain and retain records which are sufficiently complete and accurate 
to be worthwhile except under specialized circumstances (for example, where 
immunization cards are required by immigration authorities). Although health 
records are maintained on the military population on a fairly successful basis, 
this is assumed to be true only because of the strict administrative control which 
can be exerted in the maintenance of such records. Other experience in this 
Same general area leads inevitably to the conclusion that the maintenance of 
exposure records by the individual concerned would not be of suufficient com- 
pleteness and accuracy to serve any useful purpose in determination of total 
population radiation exposures. Realistically, it appears that such a system 
would be of benefit only to that relatively small number of individuals whose 
personal interest and concern is sufliciently high to assure that his record 
would be reasonably accurate. 

Of the three systems proposed, this system would presumably have the least 
impact on the reporting entities, once task 1 were accomplished. It would 
require only the simplest of recording techniques. Although the exposure data 
to be entered on the exposure record is not currently available to the majority 
of the users of radiation in the healing arts, such information should be made 
available to these practitioners regardless of whether this or any other recording 
system is instituted, and therefore the cost should not be charged against the 
reporting system. 

In addition to the obvious weakness of this system in that it would not 
be sufficiently complete and accurate to provide data regarding total radiation 
exposure of the population, there are other serious and overriding considerations 
arguing against its use. The first and one of the more important is that of the 
psychological impact on the patient if he is provided with all data regarding 
his total radiation exposure. There has already been some difficulty arise as a 
result of the recent awareness of lay persons of the potential hazard attending 
medical X-ray exposure. This has, in turn, led some patients to attempt to 
make decisions regarding the need or hazard of specific examinations. The 
need for any individual examination or treatment involving a radiation expo- 
sure can properly be made only by an individual in a position to balance the 
possible benefit against the potential harm. Obviously, the individual ordi- 
narily in the best position to make this decision is the practitioner, and the 
patient is often in the poorest position to make this decision. The possibility 
that patients might refuse examination once an arbitrary limit of exposure (for 
example, 10 roentgens) has been exceeded, regardless of the beneficial or pos- 
sibly lifesaving result expected, is real. It must be remembered that in many 
eases where repeated or extensive radiation exposure is indicated, it would be 
the decision of the practitioner to withhold from the patient, for his own benefit, 
information regarding the seriousness of his condition. 

Another major difficulty in having the patient carry his own exposure card, 
particularly in this country, is the medicolegal one. The medicolegal hazards in 
the practice of radiology are already sufficiently serious that a substantial extra 
premium is charged for professional liability insurance covering individuals 
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using radiation in their practices. To provide a record to the patient which 
established the fact that in his case certain arbitrary limits of exposure had 
been exceeded would seem to inevitably lead to a large number of malpractice 
suits. Such suits could have a serious impact on the use of radiation in the 
healing arts whether or not they could be successfully defended. Perhaps an 
even more important implication of the medicolegal problem is the bias which 
it might create in the recording of the data. This point seems so obvious that 
further discussion is not needed. 

The State radiological society which recently had the suggestion made in its 
name that such a system be instituted, has suspended this recommendation on 
the basis of a preliminary feasibility study. 


SUMMARY 


The feasibility of radiation exposure recordkeeping for the entire popula- 
tion has been discussed with agencies most knowledgeable concerning the techni- 
cal problems involved and with practitioners of the healing arts upon whom the 
impact would be most severe. The more important considerations stemming 
from these discussions are pointed out above. Following is a summary of the 
conclusions reached regarding the feasibility of the three alternate systems 
which appear most reasonable: 

1. System A would be possible of accomplishment when task 1 is com- 
pleted in all respects, and information regarding radiation exposure under 
all the variable circumstances if any given examination by any given prac- 
titioner on any given patient are known. (Pending the report from task 1, 
it is assumed that this Utopia will not take place in the immediate future). 
The technical problem of centralized recording and compiling of the data 
is one which experience with social security records indicates could be 
mastered. The high probability of incomplete reporting implies that the 
primary aim of such a system (i. e., accurate data regarding the exposure 
of each individual) would not be accomplished. The expense would ap- 
pear high. Equal funds expended in activities designed to reduce the ra- 
diation exposure of the population might well be of greater benefit than 
funds expended for recording the present status. 

2. System B would appear to be possible once adequate data are available 
from task 1. Such data would not need to be as complete as those for 
either system A or C. The cost would be substantially less than for sys- 
tem A. The impact on the reporting entities (practitioners, etc.) would be 
great enough to significantly affect the accuracy of the final data. Pend- 
ing reports regarding task 3, it is assumed that essentially the same in- 
formation as would be obtained by this system could be obtained with 
better accuracy and less expense by a sampling procedure. 

3. System C could not be expected to provide reasonably accurate data re- 
garding total radiation exposure of the population. Although it is the 
least expensive of the systems discussed, consideration of the psychological 
and medicolegal impact make it appear not to be feasible, even if it could 
provide the desired data for some individuals. 

It is concluded therefore, that after task 1 has accomplished at least a sub- 
stantial part of its duties, complete recordkeeping would be possible, but would 
not be desirable, because information of essentially equal value could be ob- 


tained with substantially less expense and with probably greater accuracy on a 
sampling basis. 


[Task 83—ICRP/ICRU] 
Direct SAMPLING METHODS 


FEASIBILITY STUDY FOR THE UNITED NATIONS SCIENTIFIC COMMITTEE ON THE 
TOTAL POPULATION SAMPLING 


The feasibility of determining the total radiation exposure of the population 
by means of (1) direct sampling of the population as well as by means of (2) 
sampling medical institutions was studied with the cooperation and assistance 
of individuals and groups most intimately concerned and most knowledgeable 
regarding sampling methodology, as well as those on whom the impact of such 
a system would be most serious. The feasibility of arriving at exposure data 
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for the total population by (3) a sampling of practitioners of the healing arts 
was also examined and will be reported separately as task re. 

The different methods which might be applied to direct sampling of the 
population or sampling of medical institutions which were reviewed in preparing 
this report are: 

1. Mail questionnaire sampling; 
2. Personal interview sampling ; 
3. Dosimetric instrument survey sampling. 

Basic to a consideration of the problem is the assumption, which can be 
adequately substantiated, that analysis of data derived from an adequately de- 
signed sample, making ‘appropriate allowances for all of the variables involved, 
can provide information applicable to the entire group under consideration. A 
further consideration is that by the use of sampling techniques it is possible to 
limit the number of individuals studied and the amount of data collected to a 
degree where a greater effort can be expended on each individual or group, and 
thus the accuracy of the resulting data and its analysis may be higher. It can 
thus be assumed that if a sampling procedure is used, the accuracy of the final 
data may exceed that obtained from a survey of the total group. 

Various methods are available for collecting the data from the sample popula- 
tion but there are certain elements common to them all. Although the object of 
the survey would be to obtain data regarding the total radiation exposure of 
the sample population, this population would not be in a position to provide 
quantitative information regarding its exposure. Therefore, the most opti- 
mistic estimate as to the information that could be obtained directly from the 
sample indicates that no information beyond the presence or absence of ex- 
posure during a recent relatively short time interval would be forthcoming, 
together with information of indeterminate accuracy regarding the source ef 
exposure. Thus, a study of a sample population would not, by itself be ex- 
pected to provide the desired information. The extent to which even limited 
information might be obtained cannot be determined without the use of a pilot 
study or presurvey. Experience accumulated to date on the basis of other 
sampling does not provide firm figures on such important elements as cost and 
accuracy, because of the peculiar circumstances attending the problem of radia- 
tion exposures. 

Regardless of the approach to the problem it can be said with definiteness that 
the information obtained by any sampling technique, would not be of appreci- 
able value pending a report from task 1 indicating substantial accomplishment 
of its objectives. The possible use of an instrument sampling procedure as a 
substitute for information from task 1 will be discussed later in this report. 


EFFECTS OF ATOMIC RADIATION 


The three possible methods by which information might be obtained in a 
sample population and which have been considered are: (1) mail survey; (2) 
a survey by personal contact ; and (3) survey by instrumentation. 


Mail questionnaire 


A survey by this technique would involve the preparation of a questionnaire, 
properly designed to elicit the desired information from all individuals in the 
sample, which by definition would require that it be understandable to persons 
at all socioecenomic levels. This is, of course, an impossible task, and the ques- 
tion is actually one of the degree of inaccuracy which would result. The experi- 
ence of radiologists whose practice includes a broad spectrum of patient types 
indicates that a very significant segment of the population does not have ac- 
curate knowledge concerning the presence or absence of X-ray exposure as dif- 
ferentiated. from other therapeutic or diagnostic procedures such as diathermy, 
infrared, ete. 

Additionally, there is a large element of error concerning many individuals’ 
knowledge concerning the correct name and address of the source of the ex- 
posures. The response of a general population sample to mail questionnaires is 
notoriously poor, and is subject to an extremely large element of bias. These 
considerations have been sufficiently serious and have led to such serious error 
in the data obtained that it can be assumed that a mail survey would not yield 
data adequate to accomplish the objectives. 


Sampling by personal contact 


The overriding difficulties and complications of a mail sampling technique for 
the population have been so serious that, in spite of the relative economy, this 
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technique has been largely supplanted by surveys by trained interviewers, mak- 
ing personal contacts. This latter technique has been developed to a relatively 
high state of perfection and is widely utilized in this country for many purposes. 
The accuracy to which data in general can be provided by this technique has 
also been established. 

In examining the various existing systems which might be put to use to meet 
the problem at hand, the two which appeared most appropriate were the national 
health survey of the United States Public Healh Service and the current popula- 
tion survey of the Bureau of Census. These two systems were therefore 
examined in more detail. 

The national health survey of the Public Health Service is currently in a state 
of development. It is proposed as a continuing survey of a sample population 
for the purpose of providing a wide variety of information regarding health 
status. It represents one method by which the information currently available 
to the population concerning its radiation exposure might be assembled. At 
present, however, the national health survey is still in relatively early stages of 
its operation, and there would likely be an appreciable time delay before it would 
be desirable to introduce questions regarding radiation exposure to supplement 
the current questionnaire. 

The current population survey of the Bureau of the Census is a continuing 
survey which has been in existence for some time. It surveys a population 
sample consisting of approximat*ly 55,000 households. The nature of its opera- 
tions is such that it would appear feasible to introduce a small number of 
questions regarding radiation exposure and obtain a compilation of the result- 
ing data in the period of a few months. The cost of collecting such data from 
a sample population has been estimated at $10,000 to $50,000 depending upon 
the number and nature of the questions to be asked. The sample survey is a 
fair representation of the entire United States population except that it ex- 
cludes the resident instiuional populaion. The exact exent to which his ex- 
clusion would affect the validity of the resulting data is not immediately ap- 
parent. In terms of the total United States population, however, this group is 
relatively small. Although the total radiation exposure of this group may not be 
insignificant, yet it is likely that the reduced reproductive probability of this 
group, together with its small size, would not introduce a major source of error 
in determination of the total dose to the genetically significant population. 

It is important to recognize, however, the limited amount of information 
which could be obtained by this means. As pointed out above, it must be 
assumed that the population does not have accurate data concerning radiation 
exposure in terms of roentgens. The most that could be hoped for would be 
some indication as to the number of individuals exposed to radiation in any 
given period of time, with some data regarding the source of exposure. In 
order to convert this into meaningful terms, it would be necessary to contact 
the source of exposure with the hope of obtaining dose data. It is not reason- 
able to attempt to assess the probable cost of converting the original informa- 
tion received from the survey into usable form, nor the accuracy of the final 
data, at this time. The cost and effort of obtaining the information which the 
current population survey might provide appears so reasonable, however, that 
serious consideration should be given to utilization of this approach with the 
expectation that, even if the information were not adequate to accomplish the 
desired results, it would be worthwhile from the standpoint of future planning. 


Survey by instrumentation 


The possibility was also examined of arriving at a figure concerning total 
population radiation exposure by means of a survey of a sample of the popula- 
tion to whom appropriate individual radiation dosimetric instruments are 
provided. This method would require the individual to use the instrument each 
time he received a radiation exposure. The obvious advantage to a survey of 
this nature is that it would not require successful completion of task 1 before 
it might yield data. It would, however, presumably require a personal visita- 
tion to all members of the sample population, with adequate instruction on how 
to use a properly designed meter for recording the exposuure at any particular 
time. If the current population survey of the Bureau of the Census can be 
taken as a proper indication, a fair population sample might involve something 
in the order of at least 35,000 households on a preliminary basis. It is entirely 
possible that, in view of the fact that the current incidence of radiation expo- 
sures for the population is somewhat indeterminate at least in its distribution, 
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the results in this population group will not provide a sufficient number of 
positive replies to be statistically adequate. 

For this reason it cannot be concluded that 35,000 households would neces- 
sarily represent an adequate sample for this purpose. It does give some appre- 
ciation of the minimum sample size, however. On this basis it is assumed that 
the number of instruments to be distributed, used, processed, and recorded, 
would be at least 100,000. The total cost of such a survey would, then, approxi- 
mate at least several hundred thousand dollars. Again, there is no satisfactory 
experience on which to base an estimate as to the accuracy of the data which 
would be obtained. An obvious source of error would be in failure of individuals 
in the sample to use their instrumentation correctly, if at all, during a radiation 
exposure. It seems fair to assume that this would introduce a very large 
source of error and that there would be an appreciable bias in this error, as the 
failure to utilize the instruments correctly would be a function of socioeconomic 
status and other factors which might be related to total radiation exposure. 
Many other factors would have an important bearing on the results of such a 
study, not the least of which would be the psychological impact upon the persons 
surveyed, as well as the impact on the practitioners of the healing arts. In 
many cases, valid objection on the part of the practitioners could be expected 
with reference to confidentiality of medical information and related problems. 
This sampling problem is so unique that even approximate answers to the 
problems involved and probable accuracy of data could not be given until it has 
been tried on a pilot basis. The limited nature of this feasibility study does not 
permit a conclusion as to whether or not they are insurmountable. 


INSTITUTION SAMPLING 


Approaching the problem of total population radiation exposure by a sam- 
pling of medical institutions would appear to be appreciably less difficult than 
would sampling the population. At the same time, however, the information 
obtained would be incomplete in several important respects : 

1. Although medical institutions presumably represent a major source of 
radiation exposure of the population, the extent to which noninstitutional 
practice contributes is one of the major unanswered questions and would 
not be resolved by this type of study. 

2. The information already available concerning institutional practice 
is appreciably more adequate and accurate than similar information re- 
garding noninstitutional practice, and it might therefore be argued that this 
area is in least need of emphasis. 

3. Since institutional practice can by no means be considered average for 
the practitioners of the healing arts as a whele, there is a strong element 
of bias if these figures are extrapolated to the general population. 

Among the advantages of such a study would be the relative ease and rela- 
tively low cost involved. A vast majority of the medical institutions in this 
country which would be likely engaged in a large scale use of radiation are 
affiliated with the American Hospital Association. Thus, there is an existing 
facility to assist in implementation of such a study. The impact on the medi- 
cal institutions of compiling and reporting on the data requested would be ap- 
preciable, however. Only a few highly selective institutions would have the 
required data readily available. Thus the task to the large majority of insti- 
tutions would be quite formidable. This would obviously affect the cost to the 
reporting entities and would introduce a major element of bias. 

The American Hospital Association is currently conducting, at the request of 
its Committee on the Use of Radioisotopes in Hospitals, a survey on the use of 
radionuclides. The experience of this survey should provide some data con- 
cerning the cost and probable accuracy of a study in the radiation field. It is 
estimated that this survey will cost between $1,000 and $10,000. Based on 
previous experience with surveys by the AHA, the yield may well be 50 to 75 
percent. There are several reasons why these figures should not be translated 
directly for use in a general radiation exposure survey, however. For example, 
the isotope survey is being conducted on a total study, rather than on a sampling 
basis. A very large percentage of replies is expected to show no use of radio- 
isotopes and therefore will not require a major effort on the part of the report- 
ing institution nor will they contribute appreciably to the problem in the 
compilation of data. 

If it were decided to approach the problem of exposure in medical insti- 
tutions by personal contact rather than by mail questionnaire, one of the major 
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factors which would increase the cost would be the necessity for adequate 
geographic distribution. It is assumed that there is a highly significant element 
of “clustering” which tends to result in significant variation among institutions 
when all factors except geographic location are held constant. 

A survey of medical institutions using the instrument sampling technique 
would appear to have similar characteristics to a survey by mail questionnaire 
or personal contact. The important difference with regard to feasibility is that 
sampling by the instrument method would not require the successful com- 
pletion of a major portion of task 1 as a prerequisite. In fact, such a survey 
might be expected to yield important information helpful in the completion of 
task 1. A byproduct of an instrument sampling project which might increase 
its value would be the inevitab!e educational impact which would result. 


SUMMARY 


The possible utilization of sampling techniques applied to the entire popu- 
lation and to medical institutions as a means of deriving data regarding the total 
population radiation exposure has been explored. Definitive answers regarding 
the feasibility of such projects cannot be provided until pilot studies have been 
made. In general, a sampling procedure should provide information with equal 
or greater accuracy at appreciably less cost than would a total population study. 
Sampling of the population by mail questionnaire would probably not yield suffi- 
cient data to be justified. Sampling of the population by use of an existing sys- 
tem, such as the Bureau of Census current population survey might be expected 
to provide some data regarding the presence or absence of radiation exposure his- 
tory over a relatively short period of time and would probably provide much 
information regarding the feasibility of more extensive population studies. 
Sampling of the population by instrumentation would probably not yield in- 
formation of sufficient accuracy to be warranted. 

Sampling of medical institutions would probably yield additional data regard- 
ing radiation exposures at such institutions. This information would not be 
susceptible to extrapolation to noninstitutional radiation exposure unless it could 
be proven to be typical of the latter, a situation which is highly improbable. 
Sampling of medical institutions by personal contact or instrument sampling 
would obviate the need for prior completion of task 1 and might provide signifi- 
eant information of value in completing that task. If task 1 were successfully 
completed, however, the information to be derived by personal contact or instru- 
ment sampling of medical institutions might not be significantly greater or more 


accurate than could be obtained by mail questionnaire and would be appreciably 
more expensive and difficult. 


{Task 4a and 4b, United States] 
FEBRUARY 28, 1957. 


APPROXIMATE METHODS FOR MEDICAL X-RAY EXPOSURE DETERMINATION 


The determination of the average gonadal dose received by the public due 
to medical procedures by approximate methods requires information on certain 
specific points. It is assumed that some of the information mentioned in task 1 
is available; i. e. that for every type of examination or treatment a gonadal 
dose can be assigned. Survey of the scattered measurements reported in the 
literature determines these only approximately. 

The objectives of approximate methods consist primarily of the establishment 
of the following additional items: 

(1) Number of different specialists in the various categories which use 
X-rays medically. These categories include: (a) hospitals; (0) clinics; 
(c) radiologists in private practice; (d) general practitioners; (e) physi- 
cian specialists;* (f) osteopaths; (g) chiropractors; (h) chiropodists ; and 
(i) dentists. 

(2) The number of patients examined or treated annually in each of the 
above categories classified according to age and sex. 

(3) Distribution of the type of examination or treatment by each of these 
patients in (2) in each of the categories in (1). 


1 Physician specialists include: Pediatrics orthopedic surgery, general surgery, internal 
medicine, industrial medicine, urology, gastroenterology and tuberculosis, obstetrics and 
gynecology, eye, ear, nose, and throat, cardiology, dermatology, allergy. 
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The establishment of these three points together with information on the 
gonad dose per examination, and such statistics as total population, age distribu- 
tion of population at birth of each child, etc. then permits a determination of the 
genetically effective gonad dose per examination. 

The data on (1) are available partially from Public Health Service records 
and reports by Modern Medicine Survey, the 1951 report by Dr. Donaldson, Amer- 
ican Medical Association, and American Dental Association. The number of 
practitioners in the categories (la, 1b, 1c, 1d, le, and 1i) and the number of 
X-ray units which they employ are believed known within about +10 percent. 
The accuracy of the numbers of osteopaths, chiropodists, and chiropractors who 
own X-ray equipment is much less certain. 

(2) With regard to the number of patients examined in each of the categories, 
information is available for some hospitals (la) and clinics (1b). Much of this 
information is not available in a convenient form because of the way in which 
the records in many hospitals are kept. In some instances analysis is greatly 
facilitated by the records of group health plans such as the plan used in Little 
Rock, Ark. Another plan worthy of note is the Commission on Professional and 
Hospital Activities in Ann Arbor, Mich. Their record form provides complete 
information on all of their patients and specifically includes total information 
with regard to X-ray studies. There are group health plans in various parts 
of the country which also have sufficiently good records to supply data on the 
number and type of X-ray treatments taken by their patient members. A simi- 
lar study, of a more specialized nature is the compilation of obstetrical data 
including number and type of X-ray examinations from a number of hospitals 
which is under the supervision of Prof. Schuyler Kohl at the College of Medi- 
cine of the State University of New York in New York City (Kings County 
Hospital). However, the vast majority of the hospitals in this country do not 
have their records in such a conveniently available form. Wtih regard to the 
general practitioners (1d), information is available from surveys made by the 
National Electrical Manufacturers Association (NEMA). Based on question- 
naires, they have estimated the number of general practitioners who own X-ray 
equipment, what kind of equipment, and the number of radiographs and fluoros- 
copies performed weekly by the practitioners. Unfortunately such inferma- 
tion does not exist for the other categories (le, 1f, 1g, and 1h) listed above. 

With regard to the third point above, distribution of type of examination or 
treatment in each of the categories is available from individual hospitals and 
clinics and some individual radiologists and general practitioners. With much 
effort this information could probably be obtained from most of the hospitals 
and radiologists. However, this information does not exist for the other cate- 
gories listed above (1d, le, 1f, 19, and 1h). 

It can be concluded on the basis of the reports and sources referred to above, 
that for certain small collections of patients accurate information on points 
(1), (2), and (3), is obtainable. This represents a small sample of the total 
patient volume so that there is an unknown, and possibly large uncertainty in 
the reality of estimates in these bases. 


DATA BASED ON FILM SALES 


Information with regard to the total number of radiographic examinations 
made annually can be obtained from data supplied by film companies. Allowing 
for uncertainties in the knowledge of the company of the final destination of 
their film, it is estimated that the total number of radiographs can be deter- 
mined to within 20 percent from the use of film data from manufacturers. The 
distribution of this film with regard to size, but not sensitivity, is also partially 
available. Further contacts with film companies may well produce more infor- 
mation. The records of the Department of Commerce provide information on 
the importation of film, and also on the amount of film exported annually with 
some idea of its destination. 

For the first three categories above (la, 1b, 1c) it is possible to give an 
estimated classification of radiographic examinations and relative frequency 
based on only limited supporting data. Presently available data do not give 
directly the distribution of examinations by types. The relative number of 
examinations in the indicated age groups is estimated as: 0-15 years, 15 per- 
cent; 16-30 years, 20 percent; 31-50 years, 35 percent; and above 50 years, 
30 percent, As an overall average, three films are used per radiographic exami- 
nation. 
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DATA OBTAINED FROM X-RAY TUBE RECORDS 


Through the National Electrical Manufacturing Association some data are 
available with respect to tubes produced and sold in the United States annually. 
These data apply to about 80 percent of the tubes sold since the North American 
Phillips Co., Eureka Co., and Dunlee, Co. do not participate in the NEMA. 
These data on X-ray tubes are not sufficiently complete to provide information 
on those indtended for a specific radiographic installation or whether or not they 
are to be used primarily for fluoroscopic or radiographic purposes. NEMA has 
no records of dental tubes. The census of manufactures (Department of Com- 
merce) has data on annual tube production but these do not distinguish between 
medical and industrial use. 

The records of the Department of Commerce include the importation and ex- 
portation of X-ray tubes but do not indicate whether they are therapeutic, diag- 
nostic, or other. 

There is no automatic way of determining the mean value of the quantity of 
electricity which passes through the diagnostic tube during its life, nor are the 
available lifetime records of individual companies very good on this point. 
Rough estimates can be made by individuals experienced in the X-ray field. 


Joun 8S. LAUGHLIN, 
Department of Physics, Memorial Center. 


[Task 4c, ICRP/ICRU] 
APPROXIMATE METHODS: QUESTIONNAIRE TO PROFESSIONAL PEOPLE 


FEASIBILITY STUDY FOR THE UNITED NATIONS SCIENTIFIC COMMITTEE ON THE 
EFFECTS OF ATOMIC RADIATION 


The feasibility of obtaining data on the total population radiation exposure 
by means of a mail questionnaire to professional people was explored. Before 
presentation of the information obtained, the following two points should be 
made clear: (1) the medical profession in most instances lacks the exposure 
information needed to answer the questionnaire. Information would be needed 
regarding the radiation exposure under all of the varying conditions present in 
each individual examination. In other words, such a questionnaire would be 
essentially unsuccessful in terms of actual dosage until completion of task 1, 
(2) experience with all of the variables involved in questionnaires to professional 
people indicates that definitive answers as to the feasibility, sample size, cost, 
and related questions cannot be given until the particular survey in mind has 
been tried on a sample or presurvey basis. 

It is apparent that a correctly designed sample could provide information 
regarding radiation exposure with an accuracy which would equal or exceed 
that of a survey of all professional people. 

Among the major factors which might affect the feasibility of a survey of this 
nature are the cost, sample size, percentage return, and probable accuracy. 
Unfortunately, none of the surveys done to date among professional groups are 
completely comparable to the ones suggested here. Certain principles and 
technical factors can be extrapolated, however. Thus, in considering such a 
survey, it would appear desirable to select the sample to be queried by stratify- 
ing professional people into groups depending upon the probability of their 
making a significant contribution to the total radiation exposure of the popula- 
tion. The proportion of the total number within each stratum which it would 
be necessary to sample depends upon the contribution of that stratum to the 
total radiation exposure as well as other factors. 

Thus, it might be desirable and feasible to query all of those practitioners in 
the group likely to produce heavy radiation exposure, such as radiologists. 
Among certain medical specialties where the use of radiation might be quite 
heavy (but presumably not as great as among radiologists) one would sample 
only a percentage, for example, one-quarter of those involved. Among those 
individuals with an expected moderate and light use of radiation, an even 
smaller percentage could be sampled, for example, 1 in 20. Additionally, there 
would be a group which could be segregated on the basis of type of practice 
(such as administrators, public-health workers, or psychiatrists), where it could 
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be assumed that there is no use of radiation or that the use is so slight as to 
not affect the total radiation dose of the population. 

Basing estimates on this approach to the problem it is possible that a rea- 
sonably accurate estimate might be obtained by a survey of something in the 
order of 10 percent of the total professional group. Based on an estimate of 
approximately 250,000 physicians in the country, would lead to a sample size in 
the order of 25,000. Whether or not this sample size would be adequate could 
not be finally determined until after returns were received, although it could 
be estimated on the basis of a pilot study. One of the major factors in deter- 
mining the adequacy of the sample would be the percentage of satisfactory 
returns. The difficulty of estimating the percentage returns is indicated by the 
fact that although many surveys have considered a return of 10 to 25 percent 
to be quite satisfactory, one survey currently being conducted has shown a 
return of over 90 percent from a mail questionnaire with 2 or 3 mail followups. 
Much of this variability in the percentage return can be accounted for by the 
interest of the profession and the stimulation and support given by prominent 
governmental and nongovernmental agencies, as well as the difficulty of answer- 
ing the questionnaire. 

Experience indicates that if mailing lists were available and did not have to 
be compiled separately, a mail questionnaire with 2 or 3 mail follow-ups 
costs in the order of $2.00 to $5.00 per questionnaire, not including the cost 
of the analysis of the returns. Thus, a preliminary estimate can be made that 
the cost of the questionnaire procedure, not including compilation of the data 
and analysis of the returns would be within one order of magnitude of $100,000. 
The cost of analysis of the data is even more difficult to estimate. It would 
appear almost certain to exceed the cost of the questionnaire itself, but the fac- 
tor by which it exceeded the cost of the questionnaire would be determined by 
the nature of the replies and the extent to which it was desired to extract 
detailed information. 

The impact on the persons queried could range from minimal to essentially 
impossibly serious depending upon the amount of information requested. One 
of the more important problems in this connection would be the time period over 
which exposure data were requested. It seems reasonable to assume that pro- 
viding a relatively small amount of information covering operations for one 
day or possibly for one week would not represent an unjustified imposition on 
the reporting entities. On the other hand, data would, in most cases, not be 
readily available for any extended period of time and it would therefore be 
necessary for the data to be compiled especially for the purpose of answering 
the questionnaire. Therefore, if data were requested for a more extended 
period of time, for example, a month or a year, the problem to the reporting 
entities of compiling these data would become so great that, if replies were 
received they would probably be grossly inaccurate. 

The question as to whether or not sampling for a short time interval would 
be adequate is difficult to assess. There certainly would be some errors brought 
about by seasonal or weekly variations but the errors thus introduced might not 
be sufficiently great to adversely affect the final data. This is a point which 
c.uld be resolved only by repeated sampling for short periods of time on sevy- 
eral occasions, thus spreading the task of completion of questionnaire through 
different groups, or by sampling within the sample for possible time variations. 
if the latter method were used it might be necessary to provide financial or 
other support to this sample of the sample in completing its task. 

In summary therefore it can be stated that: 

1. A sampling among physicians would not provide the desired data regarding 
the total population exposure until substantial progress is made toward the 
completion of task 1. 

2. The firm estimates of even such fundamental items as sample size and 
overall costs cannot be made until a pilot study has been conducted. 

3. It appears likely that, if sufficient information were available from task 
1, a sampling of the medical professions by mail questionnaire, with the use of 
proper controls could provide valuable information regarding total exposure 
of the population to radiation. 

4. Pending the conduct of pilot studies it seems reasonable to assume that 
a mail survey of a sample of the professions would be a large, but feasible 
task, following completion of task 1. 
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{Task 5, United States] 


GoNADAL RADIATION IN THE GENETICALLY SIGNIFICANT PorRTION OF THE 
POPULATION DERIVED FROM RADIOACTIVE ISO10PE PROCEDURES IN MEDICINE 


GENERAL CONSIDERATIONS 


In analyzing the contribution of gonadal radiation derived from radioactive 
isotopes in medical practice, the first consideration is to deal only with patients 
in the genetically significant portion of the population. For this purpose we 
will use only the age group from conception to the age of thirty. The second 
feature is that within this patient group, the only significant radiation is that 
which is given to the gonads before children are conceived by these patients, and 
this immediately discards a considerable number of very ill patients who have 
no chance of conceiving children after therapeutic procedures, those in whom 
sterility is a necessary antecedent or result of therapeutic procedures (as in 
carcinoma of the cervix and carcinoma of the breast), as well as some more 
subtle features which have to do with conception being less likely in people who 
have had serious medical problems. In setting up a valid statistical study, 
all of these features would have to be included as well as a proper study of the 
numbers of procedures within the specific separate ages involved. We do not 
have anything which approaches satisfactory data on these aspects, but in 
the discussions below, some attempt is made to bring them into focus. At any 
rate, it is unrealistic to take the total shipments of curies of any particular 
isotope from Oak Ridge and to assume a high proportion of utilization within 
the genetically significant population, because by far the larger doses are used 
in the treatment problems which automatically limit the probability of con- 
ception in the large dose treatment cases. 

The problems of dosage delivered to the gonads in any particular case of the 
use of a specific isotope for a specific purpose are not easy. The beta and 
gamma components must be individually considered and with due regard to the 
geometry of the position of the ovaries or testis, not only in relationship to the 
whole body general distribution of a specific isotope, but also for such special 
features as radioiodine concentration in the thyroid, urinary bladder, stomach, 
ete. in certain phases of the metabolic management of the isotope, with special 
respect to the gamma component. The beta component must take due regard 
for minor degrees of specific localization in the gonads which would not be 
accurately available without biopsy and assay, but which can be accurately 
available without biopsy and assay, but which can be estimated from “blood 
dose” or from actual assays at necropsy or in surgical specimens (see reference 
by George S. Kurland and A. Stone Freedberg). 


MOST USUAL TYPES OF ISOTYPES EMPLOYED IN MEDICAL PRACTICE. (INTERNAL 
USE ONLY). 


The following is a listing of the most common current uses of radioactive 
isotypes with notations as to the type of patients for each use and some com- 
ments as to the age grouping, life expectancy and probability of conception of 
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children within these groups. The relationship of the procedures te gonadal 
radiation when significant are analyzed separately below: 





Relationship of 
Type of patients (with respect to age and dose of gonadal 











Isotope Type of use life expectancy) radiation in sig- 
nificant popula- 
tion 

Ms A. Diagnostic: Thyroid trac- | Used in all ages, but cautious choice in | See analysis below 

er scans, etc. children. (1). 
B. Treatment: Most users conservative about use below, See analysis (IT). 
Hyperthyroidism...... age 30; require special indications, 
Cardian and pulmo- | None below age 30--.............-..2.. ---| No significant con- 
nary disease. tribution, 
Thyroid cancer.......-. Few cases below age 30. Only used in Do. 
cases with metastasis. Life expectancy 
short. Children after treatment rela- 
tively unlikely. 
C. Combined diagnostic; | Some studies done below age 30; small | See analysis (III). 
RISA, tagged dyes, etc. tracer doses, short, effective half-life, 
esene Treatment: 
Polycythemia vera_......- Very rare below age 30...................- No significant con- 
tribution. 
Breast cancer (advanced)..| Very few below age 30 and all sterilized Do. 
before P22 give. 
Raibebele 5. ise ccs. Few cases below 3@ and chances of having Do. 
children almost nil after P®, 
Colloid in advanced can- |_..-- Be eh cidlcucteniessdehatin nik a pastien ac acticin aed Do. 
cer or leukemia. 
Au'___| Serious effusions (malignant)..| No cases likely below age 30. Very limited Do. 
life expectancy. 
MN Foe ous aectnas Weoecs cra Recent aiatehck ada poise aad aed lacaia mdias tie Do. 
Carcinoma of cervix......- Very few cases below age 30, Children Do. 
nil after treatment. 
Carcinoma of prostate....- Very few cases below 30. Chances of hav- Do. 
ing children very remote after treatment. 
Diagnostic: 
Liver scans for malig- | Almost no cases below age 30; very limited Do. 
nancy, etc. life expectancy. 
Crit Some studies below age 39. Small doses. 
ro Red cell volume, life, ete... Good proportion of patients quite ill | See analysis (IID). 
am | rE with — eee ‘ D 
Na____ . —— ‘ew studies below 30. Most patients quite 0. 
K8_ oo i} Metabolic states --........- \ ill with limited life expectancy. 
Few cases below age 30 for differentiation 
COP. Labeled Vit. B#_......... of pernicious anemia and nontropical Do. 
sprue. 





ANALYIS OF SITUATIONS IN WHICH GONADAL RADIATION DOSE SEEMS POSSIBLY 
SIGNIFICANT 


I. Diagnostic studies of the thyroid by tracers, scientillation scanning, etc., with 
radioiodine I™ 


In the papers by Trunnell et al., and Kurland and Freedberg, the beta com- 
ponents of dosage per millicurie of I-131 are listed as follows: ovary 0.6 rads per 
millicurie; testis 0.3 rads per millicurie. In the paper by Seidlin, et al., the beta 
and gamma components together are approximately 0.6 rads plus or minus 0.3 
per millicurie. To this might be added approximately 0.1 to 0.3 rads per milli- 
curie from the transient dosage in the bladder in the case of both ovary and 
testis. 

Using a 25 microcurie tracer, the average dose tu either ovary or testis might 
be estimated at approximately 0.015 rads per tracer procedure. A rough analy- 
sis of the number of tracer studies performed in the United States per year 
would suggest that approximately 150,000 to 200,000 would seem like a reason- 
able figure. Of these, probably not more than 25,000 are performed per year 
in patients below the age of 30 and in the genetically significant group. On the 
basis of these figures it turns out that only approximately 375 rads would be 
delivered by all of the tracers in the genetically significant portion of the popu- 
lation from this tracer used. Even if the frequency of such studies is con- 
siderably greater than listed, it still would not get into a figure which is of any 
great concern. 
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II. Treatment of hyperthyroidism with radioactive iodine 


Using the same source material as listed above, a 10 millicurie (rather large) 
full treatment dose of radioactive iodine would give approximately 6 rads to 
the gonads. On the basis of approximately 2 million persons, it seems unlikely 
that over 1,000 or at the most, 2,000 hyperthyroids below the age of 30 and in 
the genetically significant group are treated per year in the total population 
(the best estimate we can get for Philadelphia is about 15 to 30 such cases per 
year). Of course, Philadelphia might not be representative, but if it is more 
conservative with respect to the choice of patients, it also is probably some- 
what better covered with respect to isotope users than one would expect for 
the average of the country. At any rate, the figures on this basis would be 
6,000 to 12,000 rads per year to the total population. 


III. Other tracer procedures such as blood volumes, red cell volumes, red cell 
life, tag dyes, ete. 

The practice in different parts of the country in the use of these procedures, 
particularly in our selected genetically significant population is quite variable. 
At any rate, one would not think it reasonable that this would approach the 
more widespread use of radioiodine in thyroid studies, volumewise, and the 
dosage to the gonads derived in these studies is not usually as great as one 
would expect with the usual methods of radioiodine studies for the thyroid. 
If this reasoning is correct, one could assume that the maximum would not 
exceed the figure of approximately 375 rads as listed in example roman numeral 
one above. 

SUMMARY AND CONCLUSIONS 


The exact data for deriving the gonadal radiation contributed by internal 
radioisotope procedures in the United States within the genetically significant 
portion of the population is not available. In searching for a reasonable fig- 
ure, it is not permissible to use the total distribution of radioisotopes from 
Oak Ridge because of the very great variations in the types of procedures, 
dosages, ete., that are used for different conditions and because of the very 
different practice within age groups and life expectancy groups within the 
population. A great majority of treatment procedures are used in patients who 
cannot have any reasonable likelihood of adding to future populations. In the 
whole spectrum of internal radioisotope use, only three major procedures seem 
to contribute significantly to the gonadal radiation that we are interested in. 
Thyroid tracer studies probably do not account for more than 375 rads per 
year to the entire population (this probably should be expressed as 375 man- 
rads per year). All other tracer procedures within this population group would 
not seem to add more than an equivalent additional 375 man-rads. The only 
probable contribution treatmentwise is in the treatment of hyperthyroidism with 
I-131. This most likely does not contribute over approximately 6,000 to 12,000 
man-rads per year. 

ADDITIONAL COMMENT 


In trying to compare the figures so derived with those of Stanley Clark, 
one should divide the totals, something less than 15,000 rads, by 60 million per- 
sons as representing the population below age 30 and this gives a figure of 
0.00025 man-rads per potentially genetically significant person per year in the 
United States. Clark’s figures for radioiodine represented a very small portion 
of his total “theorizing”, but were some 32 times larger (0.008 roentgen per 
year per person). He ignored the selection of the age and procreative po- 
tentiality, except as an afterthought in his summary and discussion and thought 
that it was compensated for by underestimates in other directions. He further- 
more thought that his estimates would not likely be off by any such large factor. 
It is my considered opinion that Clark’s approach to this problem is entirely 
unwarranted and has led him to ridiculous conclusions. It is Clark’s paper 
which is the only one that Doctor Laughlin quotes from in his comprehensive 
summary of the literature on the subject. 

R. H. CHAMBERLAIN. 
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(Mr. Taylor’s statement—continued.) 


OTHER ITEMS 


The question has been raised as to the distinction between exposures of in- 
dividuals and of population groups. This has been considered for many years. 
Where exposures run to fairly high levels it is desirable that exposure records 
be kept for individuals. Where exposure levels are low and where the persons 
exposed may be random segments of the population, it is not important to retain 
this information by individuals. For low doses, of the order of perhaps 50 
roentgens average, per individual, per lifetime, the effects are probably so mar- 
ginal that averages of population suffice for all analytical and record purposes. 
For genetic damage it is the total dose to the whole inbreeding part of the popu- 
lation that counts most. There may be some exceptions to this for large in- 
dividual doses. In summing up the genetic damage it is important to weed out 
that part of the population in which there is expectation of having children. 

For somatic damage the individual is the controlling unit but on the assump- 
tion that there is no threshold exposure and for low exposure levels the dose 
averaged over the whole population is the primary factor influencing the statis- 
tical risk to an individual. 

A question has been raised as to the possible effect of the use of different pro- 
tection standards by states or nations. This is somewhat of an academic ques- 
tion because such a situation does not exist. In the United States the basic pro- 
tection standards, as set by the NCRP, have been adopted without exception by 
the individual States and by the Federal departments concerned. Over the 
world all nations, including the Iron Curtain countries, presently use the stand- 
ards set by the ICRP. As noted above these are the same as those established 
by the NCRP. (For further information on international recommendations see 
Recommendations of the International Commission on Radiological Protection 
published as supplement No. 6 of the British Journal of Radiology, London, 
1955.) This report is presently under some revision. Because of the national 
and international acceptance of existing standards it is not deemed likely that 
confusion will result from the use of different standards. 

A problem does exist, however, on both a national and international basis, 
namely, that there seems to be developing a plethora of organizations that want 
to set up various kinds of radiation protection bodies or committees. 

(Exhibit 23 is as follows :) 


JANUARY 19, 1957. 


Exuisit 23: RELATIONSHIP BETWEEN VARIOUS TECHNICAL BODIES AND THE IN- 
TERNATIONAL ATOMIC ENERGY AGENCY 


In paragraph 6 of article III-A, describing the functions of the new In- 
ternational Atomic Energy Agency, the following statement is included. 

The Agency is authorized “to establish or adopt, in consultation and, where 
appropriate, in collaboration with the competent organs of the United Nations 
and with the specialized agencies concerned, standards of safety for protection 
of health and minimization of danger to life and property (including such 
standards for labor conditions), and to provide for the application of these 
standards to its own operations as well as to the operations making use of 
materials * * * made available by the Agency * * *.” 

This is a rather all-inclusive statement but one of the given parts undoubtedly 
refers to matters of protection against the harmful effect of radiation. It is 
particularly in this area that clarification ag to area of responsibility is needed. 
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It is essential that as far as possible the IAEA make use of existing or- 
ganizations and facilities in this field, rather than to establish a new radiation 
protection organization of its own. One reason for this is the fact that there 
is a critical shortage of individuals in the world who have broad experience in 
the radiation protection field. This small number, which probably does not 
exceed some 2 dozen internationally recognized experts, is already called upon 
repeatedly by different organizations to perform the same or very similar 
functions, but usually under different organizational units. This is not only 
wasteful of manpower but it is already overstraining this small group of ex- 
perts. At the same time such a multiplicity of committee activities may lead 
to areas of conflict, and certainly leads to uncertainty as to which recommen- 
dations carry weight. To illustrate the problem, there are listed below some 
of the organizations and activities already well established in the field. 

The International Commission on Radiological Protection (ICRP) was es- 
tablished in 1928 and since that time has provided the international philosophy 
and guidance in the broad field of radiation protection. Their recommendations 
have been followed throughout the world. The International Commission on 
Radiological Units and Measurements (ICRU) was established in 1925 and its 
recommendations are also used almost universally. The ICRP and the ICRU 
are sister commissions, originally sponsored and still operating under the aegis 
of the International Congresses of Radiology. The commissions usually held 
their meetings jointly. 

The ICRP and the ICRU entered into official relationship with the World 
Health Organization (WHO) in February 1956, as a nongovernmental par- 
ticipating organization. In this capacity the two commissions are regarded as 
the scientific bodies for developing the standards of radiation protection and 
units for WHO. WHO, in turn, will undertake the publication and dissimina- 
tion of this information throughout the world. 

As a result of an offer by UNESCO, an informal relationship exists between 
the ICRU and UNESCO, in that the latter has provided some financial support 
to assist in the establishment of radiation standards in various countries. The 
mechanics of this will be handled through WHO. 

In 1956 the United Nations established its Scientific Committee on the Effects 
of Atomic Radiation. Inciuded in the membership is a substantial number of 
individuals who are also members of the ICRP and the ICRU. 

In September 1956, the U. N. Scientific Committee requested the ICRP and 
tLe ICRU jointly to undertake certain studies related to the evaluation of ra- 
diation exposure to man, and the U. N. has provided some financial assistance 
for this study. The program is now underway in about 15 countries and there 
is a substantial overlap of membership between the various participants in the 
study, the two international commissions and the U. N. Scientific Committee. 
At the moment it is not clear to what extent the U. N. Scientific Committee will 
use the joint commissions as the technical bodies that should be responsible 
for specific technical tasks, but there is some implication that some official 
relationship may develop. 

The International Labor Organization (ILO) has a Consulting Committee on 
Radiation Protection. This includes individuals who are also members of the 
U. N. Scientific Committee, the ICRP and the ICRU. They are developing 
standards of protection in the industrial field including atomic energy installa- 
tions. A meeting of this committee is planned for the fall of 1957 for the 
purpose of reaching agreement on the ILO radiation protection recommendations. 

The International Standards Organization (ISO) is a recognized non- 
governmental body having official relationships in many countries as, for 
example, the American Standards Association in the United States. The ISO 
has recently indicated that they plan to expand their scope of interest to include 
all phases of atomic industry including radiation protection and have applied 
to UNESCO for recognition as the standards body primarily responsible in this 
area. 

In a recent communication from the Secretary General of the WHO, it is 
understood that he is establishing some kind of advisory committee on radia- 


tion matters. The relationship between this and the various other bodies men- 
tioned above is unclear. 
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The brief outline above typifies the complicated world situation that is devel- 
oping in the field of radiation-protection standards. Of all of the organizations 
mentioned above, the only ones that have been in continuous and active existence 
for any length of time are the ICRP and the ICRU. Every time a new organi- 
zation is set up, many members are drawn from amongst the members of these 
two commissions. Fear is expressed that this same situation may develop in 
the event that the IAEA decides to organize a radiation protection group. It 
can only draw upon the same limited number of qualified people; there are no 
others. It would appear to be desirable for the IAEA to take advantage of 
existing organizations, rather than to establish new ones. The same ends 
would be accomplished, but they would be accomplished more rapidly without 
the time and effort involved in establishing a new organization and member- 
ship, and with a higher degree of enthusiasm because of the good working rela- 
tionship already existing between the members of the existing groups. In this 
way also the IAEA will be dealing with an organization that has been preemi- 
nent in the field of radiation protection and units for many years. 


POSITION PLAN 


In view of the existence of well-established internationally recognized organi- 
zations having high competence in the broad field of standards of radiation 
protection and units, it is recommended that such organizations be utilized by 
the IAEA as the official technical body for the development of the necessary 
standards for use by the IAEA. Specific reference is made to the International 
Commission on Radiological Protection and the International Commission on 
Radiological Units and Measurement. Since matters of radiation protection 
and units are largely in the same area of health, it is recommended that prob- 
lems in this area be referred through the existing channels to the ICRP and 
the ICRU. At the present time the channel of communication would be via the 
United Nations; through the World Health Organization, an official specialized 
agency of the U. N.; to the ICRP and ICRU, a nongovernmental organization 
having official recognition of the WHO. Once a relationship and program has 
been established between the IAEA on the one hand, and the ICRP on the other 
hand, direct technical contact should be permissible with information and 
reports concurrently being put through the normal channels of communication. 

By utilizing the above procedure, the IAEA can take full advantage of estab- 
lished competence in the field of radiation protection and units without the 
necessity of establishing a new and separate body of its own. 


(Mr. Taylor’s statement—continued.) 


Manpower knowledgeable in the field of radiation protection is very limited 
and the same people the world over are called upon repeatedly for similar and 
overlapping activities. This is extremely wasteful of manpower effort and it 
was a Similar situation on a smaller scale in this country that was instrumental 
in the formation of the NCRP in 1929. To avoid this situation on an interna- 
tional basis the ICRP and ICRU, jointly, are establishing formal working rela- 
tionships with various interested international organizations while having cer- 
tain specialized interests; nevertheless by common consent look to the ICRP 
and ICRU for their basic guides on radiation protection standards. With the 
establishment of the new International Atomic Energy Agency, it is possible 
that they will also require assistance in this direction. It is hoped that they 
will, along with the other agencies, look to the international commissions for 
this guidance rather than setting up a new and undoubtedly overlapping body 
of their own. 


Representative Horirrerp. Our next witness is Dr. H. L. Friedell, 
School of Medicine, Western Reserve University. 

Dr. Friedell, we are happy to have you here this morning. You 
may proceed. 
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STATEMENT OF DR. H. L. FRIEDELL, SCHOOL OF MEDICINE, 
WESTERN RESERVE UNIVERSITY + 


Dr. Frrepett. Thank you, sir. 

Mr. Chairman, and members of the joint committee, and ladies and 
gentlemen, I have the unenviable task of trying to introduce an ex- 
ceedingly difficult and complex subject. We have gathered informa- 
tion on the whole problem of radiation, and the biological effects of 
radiation, essentially within the past 2) years, and I think it takes 
a little while before this matures so we can undertstand it fully. 
Nevertheless, I think there is a place for orientation here for examin- 
ing some of the basic concepts of what we do know about radiation, 
about trying to separate various kinds of effects one from the other, 
when radiation is administered to a biological system. I would like 
to briefly introduce this. 

Time is limited, but I think the others will very readily fill in any 
hiatuses that exist. There are many none of us can fill in, I think. 
They will augment wherever necessary the things I talk about. 

Representative Hottrietp. While we are trying to keep to the 
schedule, we are not going to cut any witness short. We may ask 
for documentation, and if you have something that you feel the com- 
mittee should know, you may proceed to give it. 

Dr. Frrevext. I think we will want to take a look at how radiation 
introduces the biological effect, and then we will try to separate 
some of the things that occur. 

It is interesting that radiation we cannot see, hear, feel, or smell, 
will initiate very profound effects, the way it appears to do this is by 
this radiation interacting primarily with the atoms that comprise 
the biological molecules. 

The way they interact with the atoms is, in essence, interaction 
with their electron shells. Most of the phy sical changes involve these 
electron orbits, but there are some others which do occur which are 
essentially insignificant i in the broad overall picture. 

Specific ally, : an ionizing particle or powerful photon, a piece of 
electromagnetic radiation, will come in and pull away an electron 
out of the atom. Once it has done this, it has now disturbed the atom, 
made it into an ion, and this ionized atom and the electron will form 
an ion pair—or it may move the electron into a different energy level. 
Then it is excited, and may then concern itself with various chemical 
and biochemical reactions. 





1 Professional background: University of Minnesota, M. D., 1936; University of Minne- 
sota, Ph. D., 1939; National Cancer Institute Fellow; Chicago Tumor Institute, 1939-40; 
Memorial Hospital, New York, 1940-41; University of California, 1941-42; instructor in 
radiology, University of California, 1941-42; United States Army, lieutenant colonel, 
1942-46 ; executive officer and Deputy Chief, Medical Division, Manhattan District. Present 
work: Professor of radiology, Western Reserve University; director, department of 
radiology, University Hospitals of Cleveland: director, Atomic Energy Medical Research 
project, Western Reserve University. Committee appointments: Veterans’ Administra- 
tion, Central Advisory Committee, Radioisotope Section, Reserve and Education Service ; 
National Research Council, Subeommittee on Radiobiology; Atomic Energy Commission, 
Advisory Committee on Reactor Safeguards; National Bureau of Standards, Subcommittee 
on Permissible External Dose; State of Ohio, advisory committee on atomic energy. 
Member; American College of Radiology, American Medical Association, American Radium 
Society, Association for Advancement of Science, Association of University Radiologists, 
American Roentgen Ray Society, Radiological Society of North America, Society of Ex- 
perimental Biology and Medicine, Radiation Research Society, Sigma Xi, Alpha Omega 
Alpha, (Submitted by witness.) 
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When this occurs it is obvious immediately that the molecule that 
is then so vital and important to the cell has been disrupted or dis- 
turbed and many things can happen to this molecule. 

It is of interest to observe that a cell has roughly 10 to the 14th 
molecules, and a thousand roentgens, a dose which generally is lethal, 
will affect only about 10 to the seventh molecules. In other words, 
one ten-millionth of these are affected, and yet this single injury to 
an atom or molecule among these many will introduce violent and 
very serious biological effects. The physical effects are over generally 
in a very short period of time. Immediately thereafter the Sarvsiet 
molecules become involved in various kinds of chemical and bio- 
chemical changes. And again these are over in a few microseconds. 
So that the process of the physical effects and the biochemical effects 
are finished within a very, very short period of time, and yet we 
observe the biological effect in hours, days, months, and possibly even 
years later. This is an important concept to retain and keep in mind. 

Representative Horrrreip. This statement is based on experiments 
with animals? 

Dr. Frrevett. These are based on experiments primarily in vitro; 
in other words, studying tissues or systems outside of complex animal, 
because it would be very difficult to observe it in an animal itself. 
From the point of view of the occurrence of biological effects, these are 
observed in animals—correct. 

Representative Hortrretp. And is applicable to man? 

Dr. Frrepetzt. And is applicable to man. 

Representative Van Zanpr. Dr. Friedell, at this point, do you have 
information concerning the animals that were exposed to radiation in 
the Mariannas in the 1954 tests ? 

Dr. Frievetz. I am aware of it. Iam not entirely familiar with it. 

Representative Van Zanpr. In other words, the Mariannas tests are 
not involved in your presentation ? 

Dr. Friepveix. I would say what I am going to present would be in- 
volved in all biological effects of radiation. These are the basic things 
that occur at the beginning. They really are the initial things, and 
I want to proceed much further in developing this. 

Once we get the injury at the chemical and biochemical level, ob- 
viously the first unit that may be injured is the cell, and all organisms 
are comprised of cells, as we know, and are complex organizations of 
cells. We, therefore, can perhaps begin, once we take a look at this 
matter, to look at the cells themselves and see what kind of biological 
effects occur here. 

Before I go on to the cell, I would like to make this point: Un- 
doubtedly many of you are familiar with the effects of protecting cells 
with various chemical and biochemical agents. ‘The way this has been 
done, in effect, is to take a look at some of the biochemical changes that 
might occur in a system, and see if it would be possible to prevent 
them or counteract them. Specifically, we might think briefly of a 
system that can be affected easily and studied readily, and that is the 
disruption of the water molecules. 

Water is an abundant material in biological systems—ordinary bio- 
logical systems. This water molecule will undergo exactly the same 
changes that any vital complex molecule might undergo in the cell it- 
self, because the ionization makes no distinction between these. As- 
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suming roughly the same conditions, it will ionize water just as well as 
it will ionize ¢ anything else. And if you ionize the water, tear it apart, 
you now produce radicals, so to speak, which will either reunite or 
will be modified in some other way. 

If oxygen is present, which is another very important element, and 
present in the iological system, they may combine with oxygen to 
make very powerful oxidizing agents. 

It is presumed at levels we talk about, up to several thousand ro- 
entgens, that this effect, which is considered an indirect effect (in other 
Ww ords, producing ionization and modifications of the atoms that may 
not be directly involved in the biological systems, such as water), in 
turn produces serious effects, because t they become noxious radicals, so 
to speak. They become oxidants, highly powerful oxidizing agents, 
and may, in the presence of very vital atoms or molecules, alter them 
and, in turn, produce these serious biological effects. 

Therefore, if you were going to attempt biochemical repair of this, 
or chemical repair of this, you would either prevent the oxidation 
from producing radicals, or you might introduce something that is an 
oxygen acceptor, a reducing agent so to speak, and therefore either 
spare the effect on the molecules or in some w ay interfere with this 
occurring. 

One of the common compounds we know fairly well is cysteine, 
which has sulfhydral groups. We do not need to go into the chem- 
istry and exact nature of these things, but they will accept oxygen, 
and if you introduce enough of these into the cell, these will, in effect, 
either combine with the noxious radicals to start w ith, or by the 
statistical process of dilution prevent some of the vital cell molecules 
from being affected. 

So that this is one attack that has been made in altering or in pre- 
venting this biochemical change from occurring and, therefore, being 
ser iously damaging to the cell. 

I said earlier that oxygen needed to be present in order for a large 
number of these oxidizing radicals to be produced, and this is another 
way in which we can protect the cell, You can reduce the amount 
of oxygen. You can either limit the amount of oxygen physically 
by putting the organisms in oxygen-free atmosphere, or by making 
some phy siological change so that the oxygen is low in vital areas of 
the cell. When you do this you also protect the organism. 

So that our beginning know ledge about the biochemical effects are 
extremely important in giving us an understanding how biological 
effects will occur, and how we might modify them in the biological 
system. 

Representative Horirretp. Does that have any practical effect on 

radiation sickness ? 

Dr. Frreveit. Unfortunately, its practical effect is rather small, 
for this reason: These things must be done immediately before the 
radiation is delivered, or at ‘the time the radiation is delivered. Un- 
fortunately, if it is done after the radiation is delivered, this, of 
course, is no longer effective because all of these things we are talking 
about would have occurred already. 

Representative Hortrretp. So this is an interesting scientific fact, 
but from the standpoint of protecting the people from radiation it is 
inapplicable? 
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Dr. Frrepetu. Essentially and peas inapplicable, but it is im- 
portant in understanding the mechanisms that occur. 

I think it would be well to then begin to take a look at what hap- 
pens in the cell itself, and the people after me are going to talk about 
this, and extend some of the basic concepts further. But I believe it 
would be useful to look at the cells and see what we know about them 
from a radiological point of view. 

We have for a long time studied the various responses of cells to 
radiation, and have made up a little chart which tells us something 
about how sensitive these are to radiation, and how easily affected 
they are by radiation. It is important to understand this because, if 
you are going to understand what happens to the whole organism, 
you must obviously know how dependent the whole organism is on the 
economy of any single cell and how easily this is affected by radiation. 

I would like to read this to you from the statement that will be 
introduced in the record. I will read a list of cells I have made up 
and listed as extremely sensitive, highly sensitive to moderately sensi- 
tive, and insensitive. 

The basic cells of the hematopoietic system—lymphocytes, 
erythroblasts, myeloblasts—closely associated, are extremely sensitive 
to radiation, and small doses will injure these cells severely. 

In the same category, I would include the germinal cells of ovary 
and the germinal cells of testis, As far as our purposes, I would con- 
sider these as highly sensitive, and very readily and quickly affected 
by radiation. 

Mr. Ramey. When you use the word “lymphocyte” what would 
be the common name for that? 

Dr. Frrepetti. I would guess that you call these the germinal 
cells in lymphatic tissues, such as lymph nodes and other tissues that 
are related to lymph nodes. These also possibly have their origin in 
the hemotopoietic tissue as well. In other words, the blood-forming 
organs as well. Perhaps that is what you were referring to. 

The next group, which is a little less sensitive—and I would con- 
sider these as moderately sensitive to possibly highly sensitive—would 
be the epithelium of intestinal crypts lining the insides of the intes- 
tines, and certain basal layers that originate in the epidermis. 

These basal layers of the epidermis and the epithelium of the in- 
testinal crypts, 1 would say, would be less sensitive, but nevertheless 
easily affected by radiation. 

Now, there are a group of cells which seem to be unaffected except 
by extremely large doses. I would like to say that all cells can be 
affected by radiation; if you introduce enough energy, transfer 
enough energy to the vital systems of the cell, you can destroy them 
all. But some of the cells require very large doses. Generally the 
way we look at this is that cells that are highly active and rapidly 
dividing seem to be affected by radiation more easily than those that 
are slower growing and more highly differentiated in the sense they 
ave more highly specialized. 

These latter seem to be affected by radiation less. I would include 
in these things like muscles, bone cells proper, liver cells, brain cells, 
nerve cells, kidney cells. And ordinarily, when lethal doses of radi- 
ation are given to the organisms, we will find that these cells are 
essentially unaffected. You can find no important change in the 
cells proper. 
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Now, if you begin to accept this—and it is somewhat difficult to 
digest without studying it a little bit—you can then begin to under- 
stand what happens to organisms as a whole when the organism re- 
ceives large doses of radiation. 

First of all, we can see that certain tissues are going to be promptly 
injured, and these tissues are going to be the blood-forming cells, such 
as the leukocytes, and the gastrointestinal cells. Most of the others 
will be unaffected. 

If the organism is vitally dependent on the cells, it will be fatally 
injured, If it is not v itally dependent upon these cells, there may be 
modifications, but the organisms proper may not be injured. There- 
fore, we can begin to understand how we can injure certain cells and 
yet not affect the or ganisms seriously. 

For example, you can give a fair dose of radiation, which might 
kill the organisms, to the liver cells alone, and yet the organisms will 
not die. You can give this kind of radiation to the muscle cells, for 
example, and the organisms will not die. On the other hand, if you 
deliver this radiation to the hemotopoietic system, the blood- forming 
tissue, the organism will die because these blood- forming organs are 
very vital to the cell. 

One of the important things involved is defense against infection. 
That is, the white cells of the blood- forming organs are very impor- 
tant against infection, and, therefore, reducing ‘the cells would seri- 
ously ‘affect. the organism and various kinds of infections would 

rapidly take over. 

Representative Horirm tp. There is an old saying that a chain is 
only as strong as its weakest link. 

Dr. Frrevetz. Correct. 

Representative Horirretp. When we are talking about the effects 
of radiation on the human body, and the life span, we must of nec- 
essity address our remarks principally to the weakest link in evalua- 
tion of the radiation. 

Dr. Frrevetx. Right. 

tepresentative Horrrrevp. It is of small comfort to know that one 
section of the body is not so badly affected by radiation, if in the 
meantime another section of the body which is vital to existence has 
been destroyed. 

I am not saying we should not know this, but I am saying the 
important thing is to evaluate its effect upon that weakest link in 
the life cell, the ‘reproductiv e chain. 

Dr. Frrepetx. This is very true, and when we speak of total body 

radiation, in other words, when we irradiate the whole organism, 
then oby iously we have to examine the weakest link, and the weakest 
link would be the hemotopoietic system, and the gastrointestinal tract. 

However, when you deal with radio elements, they have certain 
preferential deposition, so to speak, and therefore, in order to orient 
yourself, you must understand that certain radio elements that may 
be administered to an individual will deposit themselves preferen- 
tially in one area and, therefore, will essentially have no effect on 
the gross economy of the individual. 

One of the examples I can cite to you is the use of modest doses of 
radioiodine. 

In the adult, the thyroid is a relative insensitive organ, and you can 
deliver doses to the thyroid in the order of 500 roentgens which 
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will to all intents and purposes produce no demonstrable effect. On 
the other hand if you gave 500 roentgens to the total body, or to 
a very vital structure, you would injury the animal perhaps fatally. 
This is the reason I introduce this. 

Representative Horirrecp. By the same token, radio isotopes such 
as strontium 90, which have been deposited directly into the bone 
structure and goes right on shooting the powerful rays into the cells 
around it, would be more damaging than the comparable amount 
of radiation that was external to the body , would it not ? 

Dr. Frrepett. That is essentially correct. Of course, now we come 
to one point which is included on our outline—How do we make a 
decision as to whether certain radio elements are likely to be injurious, 
and how do we separate radiation coming from radioactive elements 
or radiation coming from cosmic rays or Se -ray machines? 

I would like to say this: That all particles or photons (electromag- 
netic radiation) which are energetic enough to produce ionization 
will produce the same kind of biological effects, roughly. There are 
modest differences, but in essence they would produce the same kind 
of biological effects. 

How do we compare radio strontium, for example, with X-rays, or 
one radio element to another. Let’s look at that first. 

First of all, the half life of the element is very important. Will it 
last? Will it radiate a long period of time ?—because this is going 
to determine what the dose is. 

Another very important item is how energetic is this particle, and 
what is the range of this particle. This is ‘tied in with its energy. 
So we have to know whether it is long lived, what kind of particle it 
produces, how energetic it is, what is its deposition in the body, will it 
deposit in vital areas or will it not deposit in vital areas. 

These are the kinds of things we have to look at and examine in 
making any decision about whether a radio element will be serious or 
not. 

Now, strontium 90 happens to fit some of these categories because 
it is a very long-lived material, and it deposits itself in areas which 
are vital to the economy of the organism. 

Representative Houtrrecp. Would it be inclined to deposit itself in 
concentrated areas in the bone, or diffuse through the bone structure ? 

Dr. Friepetzt. It appears that strontium 90 is chemically very 
much like calcium. ‘Therefore, as a good first approximation, we 
would assume, and I think reasonably conclude, th at it distributes 
itself as calcium does in the bone, which is widely throughout the 
bone. 

Representative Hortrrecp. But in the case of a broken bone, for 
instance, that was being repaired, the tendency would be for it to 
concentrate during the repairing 

Dr. Frrepett. During the process of healing, we know there is 
more calcium deposited at the site of fracture, and, therefore, more 
strontium 90 would be deposited at the site of fracture. 

Representative Hortrrecp. We hear of bone cancer. Does that take 
place as a result of bombardment of strontium 90% Does that take 

lace throughout the bone, or is it localized in certain areas of the 
bone in the marrow, for instance? 

. Frrepen. Strontium 90, after you once introduce strontium 90 

or, pe that matter, almost any element that will seek the bone—and 





Vea 





RADIOACTIVE FALLOUT AND ITS EFFECTS ON MAN 897 


we have gotten to use the term “bone seeker”—this will distribute 
itself more or less throughout the bones. Some have special deposi- 
tions, but it is also the long continued radiation which does the 
damage. ‘Therefore, it is a question of dose. There is evidence that 
no matter what radio element you use, if it is a bone seeker, and if it 
will radiate long enough to give a high enough dose, you will produce 


bone cancers—at high enough levels. ‘That is what I would like to 
emphasize. 


Senator Hickentoorer. Mr. Chairman? 

Representative Hortrretp. Senator Hickenlooper. 

Senator Hickentoorrr. Doctor, is bone cancer a new thing? 

Dr. Frrepvett. Is it a good thing? 

Senator Hickrentoorer. A new thing. 

Dr. Frreperz. No, sir. 

Senator Hickentoorrr. Is it something recently discovered ? 

Dr. Frrevetn. No, sir. 

Senator Hickentoorer. Have we not had bone cancer 

Dr. Frrepett, Bone cancer has been known almost since time im- 
memorial. 

Senator Hickentoorrer. As long as we have had real medical 
knowledge ? 

Dr. Frrepverx. I think so. 

Senator Hickennoorer. Bone cancer occurred before we ever had 
any atomic tests or explosions, did it not ? 

Dr. Frrepeti. Yes, it did. 

Senator HickENLoorer. What would have caused bone cancer many 
years ago? Is that the absorption of certain nuclear particles, or 
does it come from some unknown activity of the cells as a starter? 

Dr. Friepext.. I personally would hesitate to attribute this to the 
absorption of previous radiation or previous nuclear particles before 
we began the fallout tests. I think that on the whole this is related to 
some special biological factor that is yet unknown, and I hope we will 
hear a little later from one of the other witnesses about some of these 
special things that might contribute to the production of cancer in 
general. 

Senator Hickentoorer. Yes. I mean we have heard a great deal 
about bone cancer since there has been some radiation released 
through bomb explosions, but I just wanted to at least assure my- 
self that my belief was right that we had had bone cancer from time 
immemorial. 

Dr. Frrepern, Yes, that is true. I will be glad te insert in the ree- 
ord the assertion that bene cancer has been present long before the 
tests began. 

Representative Hortrrerp. Our concern with strontium 90, though, 
is that it is an artificial element that is created by thermonuclear ex- 
plosions and atomic explosions, and it is now a new factor, an addi- 
tive factor, and experiments have proven that this new element which 
has been introduced is a cause of bone cancer. That is our concern, 
is it not? 

Dr. Frmepett. This is true. But I think there is one very im- 
portant point we have to look at very hard. That is, what are the 
levels of radiation? And what evidence do we have that these levels 
of radiation have produced bone cancer? And what are the bases for 
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assertions by some that bone cancers will be produced at very low 
levels in a small percentage of people ? 

Perhaps later, if I do not forget—I would be glad to be reminded of 
this—I would offer my humble opinion of this, because I have been 
looking at this as a radiologist for a number of years, and I am 
interested in this whole problem. 

Representative Hoxirrmetp. Why do you not discuss it now? We 
are on the question now. 

Senator Bricker. May I ask one question before he goes into that? 

Representative Hoxtrietp. Yes. 

Senator Bricker. We know that radiation has a tendency to pre- 
vent the development of cancer in certain organs ? 

Dr. Frrepety. Yes, sir. 

Senator Bricker. And it is used for that purpose. Would there 
be any beneficial radiation that might come from strontium 90? 

Dr. Frrepett. I would say that no radiation is for preventive pur- 
poses. I think radiation is used for curative purposes. 

Senator Bricker. For curative, palliative purposes. 

Dr. Frrepeity. Yes, sir. 

Senator Bricker. Would there be any of that effect come from 
ingested strontium 90? 

Dr. Frrepet. I could see no benefit that might arise from deposi- 
tion of radioactive elements. 

Senator Bricker. I have never heard it intimated, but I do know 
that radiation has been used in the cure of cancer, to help palliate the 
pain and prevent the growth. 

Dr. Friepetu. Yes, sir. But in normal tissues I would be opposed, 
as a matter of fact, to the introduction of radioactive elements as a 
possible preventive measure. 

Senator Bricker. Of course, we all would. I would not want to 
take a chance. I wondered if there was any thinking along this line. 

Dr. Friepett, No, sir; I do not know of any. 

Senator Bricker. You have not heard it suggested. 

Senator Hicken.Loorrer. Mr. Chairman, along that line, I would ask 
one other question, if I may. That is along the line Senator Bricker 
is discussing. 

Could there be any beneficial effect possibly flowing from the in- 
troduction of some of these radioactive elements, so far as a cancer 
that was in the process of formation, or growth within the system 
which came from other than causes which might have resulted from 
radiation ? 

Mr. Frrepetzt. I would say “No.” 

First of all, the levels of radiation—and again I want to emphasize 
this: We are talking about entirely different levels. To give you some 
idea of what the levels are to be curative in the case of cancer (inci- 
dentally bone cancer is an extremely resistant form of cancer, and 
radiation even in large doses is essentially ineffective), the doses that 
are necessary to cure cancer are in the order of five to ten thousand 
roentgens. ‘The doses we are talking about, especially from the fallout 
levels, are in the thousandths of roentgens. So that we are not talking 
about the same order of magnitude at all. 

Senator Anperson. I did not follow you on that. 

Senator HickeNn.oorer. I think we have done quite a little experi- 
mental work in the radioactive iodine in thyroid, and cancer. 
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Dr. Frrepety. Yes, this is true. 

Senator Hickentoorer. And at least some other attempted specifics 
along that line. 

Dr. Friepetn. Yes, sir. In the case of radioiodine, certain cancers 
of the thyroid are very beneficially affected. 

Representative Hottrrecp. Mr. Van Zandt. 

Senator Anperson. I want to clear up one thing first. 

When you said from five to ten thousand roentgens, then you said 
the levels we are using here are “thousands” of roentgens? 

Dr. Frrepett. “Thousandths.” Decimal point zero zero one (0.001). 

Senator ANperson. That is what I wanted. It was not very clear. 

Representative Hottrrerp. Mr. Van Zandt. 

Representative Van Zanpt. Dr. Friedell, in the event of a fracture 
with the presence of strontium 90, would the strontium 90 in any way 
slow down the mending of the bone? 

Dr. Frteprtu. I hesitate to answer that, because I have no specific 
information. But if I may conjecture, I would say it would be slowed 
down at very high levels of radiation, far above anything we have 
considered here. And I do not believe you could establish any differ- 
ence in the growth rate at the kind of levels that are being talked 
about from fallout. 

Representative Van Zanpr. Then you cannot state whether a low 
dose of radiation would have any effect on the mending of the bones? 

Dr. Friepett. I would hesitate to propose that. I doubt it. 

Representative Ho.trietp. We recognize, Doctor, you are providing 
us the background statement, and others will go into these different 
facets. 

Dr. Frrepetn. Very well. 

Representative Honirieip. Will you proceed ? 

Dr. Friepett. With regard to understanding what happens to the 
whole organism concerning the radiation syndrome, I think we have 
to look at what happens to the individual from the point of view of 
the systems that were injured. We try to point out a very cursory 
relationship between tissue sensitivity, the kind of effects that would 
produce, cellular effects where the economy of the organs was de- 
pendent upon these; and then we can look at some of the systems and 
pathological findings that might occur. 

Since we know the gastrointestinal tract, and the hemotopoietic 
system are very sensitive to radiation, we can observe, with fairly large 
doses of radiation, symptoms and pathological effects that are directly 
related to these. The hematopoietic effect, of course, will appear as a 
severe drop in the white cells. 

I will not go into the kinds of white cells. There are many more 
competent in this field than I, but this is generally true. 

Some of the basic cells in the hematopoietic system are affected, 
which in turn affects the production of the platelets, which are tissue 
components in the blood required for the proper function of the 
clotting mechanism. ‘These are seriously depleted, and under such 
circumstances you will get all kinds of bleeding tendencies. An indi- 
vidual who is heavily irradiated will show symptoms associated with 
the gastrointestinal tract, and with the hematopoietic system more or 
less simultaneously. In the doses that are high, the patient will be- 
come nauseated and vomit because of the immediate effects on the 
gastrointestinal tract, possibly also because some of the vital large 
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molecules are disrupted, so to speak, by ionization, which we point out 
can split some of these things up, and it may be these are circulating 
about and produce some of these effects. 

So that an animal that is immediately irradiated in a very few 
hours may show nausea, vomiting, anorexia, severe diarrhea. This 
is directly related to what we can observe in the cells themselves, and 
in the tissue systems. There will be severe hematopoietic changes 
(the blood changes). 

The organism has now lost its defense against infection, and in- 
fections will take over very promptly, and we can begin to observe in 
obvious areas the oropharynx, respiratory, and gastrointestinal tract, 
ulcerations and infection as a result of this injury to the tissue. 

There will be little bleeding points throughout, as a result of inter- 
ference with platelet formation. If they go on, the animal will be 
severely injured, and will die, partly as a result of these intercurrent 
effects, but also because we are unable to replenish some of the vital 
cells, or the body itself cannot replenish any of the vital cells. 

This brings me to a point which we discuss not infrequently 

Representative Hotirrep. You are talking of large doses now ? 

Dr. Frrevety. I am talking of large doses in the order of 500 to 
1,000 roentgens delivered to the individual. 

This brings us to a point of how we might possibly protect the 
organism against radiation effects. 

If we look at some of the very vital cells, it is reasonable to conclude 
that if it were possible to get these cells to be repopulated, possibly 
from an outside source, then the animal might be able to recover if the 
doses have not been really too large. 

The recent efforts in this direction have been to get bone marrow 
cells introduced into the organism that has been heavily irradiated 
to see whether these cannot repopulate the hematopoietic system, at 
least until the cells themselves may have had an opportunity to recover. 

Representative Horrrretp. This would indicate, from a practical 
standpoint, that you would have to have a bank of bone marrow cells 
for introduction into the system. 

Dr. Frrepety. That is correct. 

Representative Hoririecp. The same as you have to have a blood 
bank for transfusions ? 

Dr. Frrepetz. This introduces many practical problems, and I am 
not sure it will have any place at all in attacking this problem. 

Representative Horrrrep. I think it is important to bring this to 
the point of practical application, because a great many lay readers 
might think this could be a remedial measure which could be taken 
in a practical way. Of course, even transfusions would not be of any 
permanent lasting good if the spleen was affected. 

Dr. Frrepeiy. Yes. 

Representative Hortrrerp. Or other blood producing organs. 

Dr. Frrevetit. Right. Essentially, if blood producing organs are 
seriously affected, it is doubtful if the transfusions have anything other 
than a transient effect. Generally, in doses of about 500 roentgens, 
which is presumed to kill, roughly, about half of the humans that 
may be affected by such a dose, supportive measures might be helpful, 
such as transfusions, replacing the fluid that is lost as a result of gastro- 
intestinal injury. The use of antibiotics would be very effective be- 
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cause they would help to combat the infections occurring while the 
defenses were down. 

Representative Horirrerp. From a remedial standpoint, this would 
be more valuable to those who had not received a lethal dose. To 
people, say, who received 100 or 200 roentgens, these measures would 
be of some value? 

Dr. Friepeti. These measures may be valuable even at high doses, 
because it is possible—if 50 percent survive, say at 500 roentgens, it 
might be possible to push that up a little further, 60 or 70 percent. 
This is conjecture. Wedonot know. This is very important. When 
we get too high doses, over 1,500 roentgens, it seems that no measures 
are effective and we are unable to use any of these in any useful way. 

Representative Horirrecp. Of course, from a practical standpoint, 
in an exposure of our people, it would be completely beyond the re- 
sources of the medical world to give this remedial treatment, would 
it not? 

Dr. Frrepett. I think this could be true. But, if we are examining 
the whole problem, I think we would be overwhelmed by other things 
that would occur at the same time, and this would be essentially a 
small problem. There would be many, many more severe and difficult 
problems. 

I have devoted my remarks primarily to the acute effects up to the 
present time, and we have talked about how we can assess these changes 
> the whole organism more or less immediately, and in fairly large 

oses. 

It is well also to consider what would happen if the doses are lower, 
and if the animal survives. Is the animal completely unscathed if 
radiation has been delivered in smaller doses when comparatively 
few, or perhaps none have been killed ? 

Here I think we get into the problems that are very difficult to 
answer, and very difficult to prove effectively at the present time. 
This is an area where a great deal of study and research is required. 

I would like to divide these, roughly, into three areas: 

1. What is the effect on the vitality of the organism? 

2. What is the effect on the production of malignant tumors? 

- What is the possible effect on future generations, the genetic 
effect ? 

The last I will speak very briefly upon, because many better speakers 
than I am will discuss it further. But I would like to say something 
about these points. 

First of all, there is evidence indicated in animals with high doses— 
and by “high doses” I mean accumulation of many hundreds and even 
thousands of roentgens—that you can produce leukemia in susceptible 
strains. 

I would like to point out that to produce leukemia a susceptible 
strain of mice must be used—that is, these mice must be such that 
they are genetically able to produce leukemia spontaneously. If the 
mice are not a susceptible strain—that is are not leukemia bearing— 
then the production of leukemia in such a strain is extremely difficult 
if not impossible. Thus one element that is essential is that the 
animal must have had inherent tendency to produce leukemia in the 
first place. 

Secondly, tumors have been amply produced in animals with large 
doses of radiation, and tumors of all kinds. Whether it is strontium 
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90, phosphorus 32, or total body radiation, or radium, wherever you 
produce large doses and selective deposition in sensitive areas, you 
can produce tumors of all sorts. This is unquestioned. 

Senator Hickenoorer. Benign, or other kinds of tumors? 

Dr. Frrepeti, Let us for the moment consider only the malignant 
tumors, tumors that will destroy the animal and fit all the criteria 
that people insist upon being characteristic of malignant, that is, 
they will spread to other tissues, and generally have the appearance of 
cancer. I think here is where we get into a problem. 

If it is clear that there is evidence that tumors can be produced, 
and leukemia can be produced in various kinds of organisms under 
various conditions, it would be well to see if we could quantitate this. 
In other words, are there twice as many tumors produced when the 
dose is twice as high ? 

In general, this appears to be not well controlled, but there appear 
to be more tumors produced when the doses are higher. Under these 
circumstances, you can set yourselves up a little model or framework 
in which you show that the dose is related to the production of tumors, 
and the number of tumors. 

Senator Anprerson. Can I ask you there what you mean by “when 
the dose is high”? Can you give us the level again? 

Dr. Frrepeti. Yes. Generally, when we think of high doses, we 
think of doses in the lethal range, and perhaps I have been a little 
bit loose in this regard. 

If you take animals that have been exposed to a lethal dose, 50 
percent dose, that is, a dose in which 50 percent of the animals will 
ew and keep the survivors, the amount of radiation will be very 

igh. 

Senator Anperson. What I am trying to get to is this: We were 
talking previously about 5,000 to 10,000 roentgens. 

Dr. Frrepeiu. Yes, sir. 

Senator Anperson. Whereas, from fallout we are talking in 
thousandths, tiny fractions. 

Dr. Frrepe.u. Yes, sir. 

Senator Anperson. Now the things you are discussing, are they 
connected with fallout from nuclear weapons in any way, or an 
accumulation ? 

Dr. Frrepeiy. It is what we may be discussing, sir, and I would 
like to amplify this a little bit to show how this concept is approached. 
I will talk about those very low levels in just a moment. 

Senator Anperson. All right. 

Dr. Friepetu. In effect, what I am saying is large doses produce 
tumors and leukemia, and by “large doses,” I am talking about 
thousands of roentgens, many hundreds of roentgens. 

If you set yourself up a model in which you show that these doses 
will produce tumors and leukemia, and then extrapolate down to low 
levels, especially on the basis of how the data inched at high levels, 
you can begin to conjecture that perhaps these lower levels could in 
a very small percentage of patients or individuals produce these kinds 
of tumors. 

Now, I think what we need to look at, and what this group is going 
to look at in the next couple of days, is how good are these extra- 
polations—Is this conjecture? Is this soundly conceived ? 
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I wish I could offer an authoritative statement right now to end 
all of this discussion, but unfortunately I cannot. However, I would 
like to say this: That I am concerned about the fact that there are 
no data at the very low levels. It is just nonexistent. Much below 
a hundred roentgens, or 25 roentgens in the case of mutations, we 
have no data. 

Representative Hoxrrrevp. You are speaking of man? 

Dr. Frrepvett. In animals as well. 1 am speaking of all complex 
biological systems. 

Representative Hortrretp. Have not you been able through follow- 
ing mice, for instance, through several generations, to establish any 
data of this type? 

Dr. Friepeitn. Yes, but these have been in large doses. These have 
not been in hundredths, or tenths of roentgens, they have been in 
doses far larger. 

One of the reasons we are using large doses is that you have to 
have some kind of statistical security in looking at the information. 
To discover an effect which would occur once in 10,000 times, you 
would require an inordinate number of biological specimens, and so on. 

But I would like to point out that this difficulty exists, and for this 
reason we do not have really secure data. 

Now the people who propose that the doses at very low levels can 
produce effects have sictabel out the data at higher doses are such that 

yermit them to make these extrapolations, and there are many ways of 
Toakitit at this. You can do it mathematically, you can do it by exam- 
ing the mechanism by which these effects are produced, and in this 
way kind of develop some hypotheses which will permit you to make 
some conclusions. 

I feel that the data at the very low levels are based on this kind 
of hypothesizing, and therefore, correctly are not available at the 
present time, and perhaps will not be available for a long, long time 
because of the difficulty. 

We should, therefore, be slow in accepting these if we need to 
use it for a vital decision. 

I think at the present time these data are not good enough to make 
very extreme or vital decisions in this regard. I think all of us should 
look at this to see what is the truth of the matter and what scientific 
evidence we can find which will permit us to make these conclusions. 

Senator Anperson. May I try to translate that to myself and see if 
] got it correctly ? 

Dr. Friepett. Yes, sir. 

Senator Anperson. Do you tell us the data are not now good enough 
for the Congress, for example, to reach a decision on whether continua- 
tion of tests at the present level is wise or unwise? 

Dr. Friepetn. I would say that, sir. I do not believe the data at 
the present time are good enough to make conclusive decisions. 

Senator Anperson. If it is not good enough for the Congress, it is 
not good enough for the Atomic Energy Commission, either, then, 
is it? 

Dr. Frrevett. Let me revise that statement. 

Senator Anpverson. That is the trouble. If it is not good enough 
for the Congress to reach a decision, it does seem to be good enough 
for the Atomic Energy Commission to reach a decision. They can 
sit in their ivory tower and say, “This is all right,” but to get back to 
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the Congress which is having to deal with human beings, the data are 
not good enough. 

Dr. Frrepett. I would say the data are not such as to suggest any 
vital or important decisions which would alter the course being pur- 
sued at this time. 

First of all, they are not good enough to be conclusive, and there 
are other reasons I will go into further, which would make me have 
reservations on what they mean in general. 

One of these is, when talking about these doses we are talking about 
the levels which fit into the dose levels we are receiving right now. If 
you are interested in numbers, each one of us are receiving or having 
about 3,000 to 5,000 ionizing events per cubic centimeter per second. 
Now it is 10,000, now it is 15,000, something of that order. So there 
are a lot of ionizing events going on now. We are living in a sea of 
radiation rising from various things, and this will be discussed, I am 
sure, or has already been discussed. 

Senator Anverson. I think that is a very useful statement, and I 
appreciate it. I am only trying to say, if it is difficult for the Con- 
gress to get any satisfactory or conclusive answer from the existing 
data, that it must be equally disturbing, I would think, to the Atomic 
Energy Commission if they want to take a fair look at it. That is 
my only point. 

Dr. Friepeiy. I would think—if I were going to conjecture again, 
on how they are looking at it. I think they are disturbed by this, and 
I think their examination of the data would suggest to them there is 
no reason to stop these tests because of the levels of radiation. The 
levels are apparently at levels which are far below levels which we 
have established as being the acceptable doses, and are quite within 
the range of radiation occurring at the present time all around. 

Senator Bricker. Mr. Chairman ? 

Representative Hoxiriecp. Senator Bricker. 

Senator Bricker. Is there any thinking along the line that, if 
there were no background ionizing radiation at all, the human body 
would be devoid of cancer ? 

Dr. Frrepett. I do not have any opinion about this, sir. But again 
I will conjecture that I think the cause for malignant disease lies in 
some biological derangement that is really not related 

Senator Bricker. To radiation? 

Dr. Frrepetzt. Alone. 

Senator Bricker. But ionization of the cells? 

Dr. Frrevei.. Right. 

Representative Hoxtrretp,. You used the word “alone”; it is not 
related alone to that point. You think there may be other causes? 
I was afraid that word was missed by the audience. I think it is 
important. 

Dr. Frievett. I think at the proper levels, high enough levels, 
these effects can be produced. At the very low levels where the levels 
begin to approach the natural levels we are facing, I think there is 
grave uncertainty. This, of course, is concerned with the whole con- 
cept of whether the effects will be occurring at low levels in the same 
rate that they are occurring at high levels, and whether there is such 
a thing as threshhold. In other words, is there some level below 
which nothing will happen? 
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Again, this is very difficult to establish. The evidence, as I see it, 
is inconclusive in this direction, and if I had to choose, if I had to 
make a decision now, if I were compelled to make a decision, I would 
hesitate to accept this concept that a threshhold does not exist. 

Senator Bricker. That is the reason I asked the question, trankiy. 
It is your thinking, then, that there is a biological cause of these 
abnormal growths in the human body ? 

Dr. Frrepetu. I do, sir. 

Senator Bricker. Above and beyond and separate from the 
radiation ? 

Dr. Friepett. Yes; I do. 

Representative Horirretp. Will you state your observation in an 
affirmative way rather than a negative way? And then tell me if 
you apply that equally to somatic as well as reproductive cells. 

Dr. Friepett. I sort of left out the reproductive aspect of this. 

Representative Hottrietp. That is just what I thought maybe you 
left out. That is why I wanted you to restate it. 

Dr. Frrepetn. I would say, from the point of view of production 
of tumors, and leukemias, I would hesitate to accept the concept that 
a threshold does not exist. From a point of view of genetics—now 
I am in a field where I am even less familiar—I think the data are 
not unassailable, but I think they are stronger than they are in the 
concept of cancers or leukemias. 

Again I would like to point out the data on mutations and genetic 
effects do not exist below 25 roentgens. 

The basis for making these decisions is careful study of the data, 
by protracting the radiation, by fractionating it, by observing the 
effect of dose, and this gives them a line which can be extrapolated 
down below. I have no objection to these extrapolations, and ever 
since Descartes introduced the coordinate system, this is a privile 
of all. I do not really understand whether these things necessarily 
follow this rule. I would think I would want a much better and 
much more carefully controlled examination of the effect at very 
low levels. 

Representative Van Zanpt. Mr. Chairman? 

Representative Horirrevp. Mr. Van Zandt. 

Representative Van Zanpr. Dr. Friedell, to be conclusive, would 
you go into a little more detail as to what must be required? 

Dr. Frrepecz. What must be required ? 

Representative Van ZAnpr. Yes. 

Dr. Frrepevt. As far as our studies go? 

Representative VAN Zanprt. Yes. 

Dr. Friepett. I think probably the most important thing is to look 
at the basic aspects of what occurs in biological systems, so that we 
can understand the mechanism, so that we can see whether once we 
understand this mechanism it fits in with the data which we already 
have. And here I feel is where the greatest possibility for really 
learning something about it exists. I would like to see this emphasized 
over and above the efforts to perhaps use 10 million mice at very low 
levels. I would think that basic studies of biochemical effects, the 
possible way in which these things occur, would contribute more than 
doing such statistical studies—— 

Representative Van Zanpvt. Would you apply a time factor? 
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Dr. Frrepveti. I would hesitate to apply a time factor, but since I 
am making all sorts of conjectures, I will add one here. 

I will say that perhaps in 5 to 10 years we would have a much better 
understanding of this. 

tepresentative Hoxrrrevp. Of course, if your understanding at that 
time had to be revised downward as the chart this morning has been 
revised downward, we would be dealing then with an accumulation 
of substance which would be ineradicable, and we would have it; 
would we not ? 

Dr. Friepewu. Yes. 

On the last page of my little statement, I tried to put these things 
together. I think two problems exist. 

First of all, I think there is a problem of examining the data 
scientifically to know where the truth lies. 

Assuming the correct consequences of this, assuming no threshold, 
and all radiation is injurious and produces some effect, I think we 
have to fairly assess this kind of hazard compared with the hazard 
which now exists. I do not feel we have yet really looked at this in 
an unbiased and nonemotional manner. I think it can be done, es- 
pecially if we look at it over a long period of time so we do not rush 
into any important decisions at this time. 

Senator Bricker. You have discussed the control of abnormal 
growths, the cause of them, the somatic effects in a limited way. 
What have you to say about the length of life ? 

Dr. Frrepett. Here again I do not have any good, well-founded 
opinion. The data that are available indicate that for large doses in 
animals, there is a decreasing survival due to all the causes that would 
occur ordinarily in these animals. In other words, they die of various 
things, only these various causes of death appear a little earlier in 
heavily irradiated animals. 

Again the same problem exists. Can you extrapolate down below? 

This figure we heard earlier that somebody will have suffered a 
loss of 20 days in survival. It seems to me there can be no data at 
this level, because this would require an inordinate amount of animals 
at very low levels to establish this, and I just do not have that kind of 
sureness about studies in which you observe one event in hundreds 
of thousands of others. 

From the point of view of the span of life, I feel for projections to 
low levels this falls in exactly the same kind of category. We cannot 
determine what is happening at very low levels. 

I think I can understand the reasons and conjectures and hypothe- 
ses of people who propose that this occurs, but they make me uneasy, 
and I am loath and not ready to fully accept them. I think they are 
not incontrovertible. 

From the point of data on humans, there is some published evidence 
to show a radiologist may, by the nature of his activities, have received 
more radiation than others. I am a radiologist myself. I turned 
some data recently published over to the statistician, and he wrote me 
a letter saying that these data were suggestive, but by no means 
conclusive. And the way in which you sample the various groups 
makes a tremendous amount of difference, and even though averages 
of the compared group, for example, might be the same, the distribu- 
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tion could make a tremendous difference. I know this has been 
touched upon by others who feel the same way. 

Representative Horirevp. We found that averages are a little bit 
unreliable to rely on in some instances, 

Dr. Frrepet.. Yes. 

Representative Horirretp. Thank you very much. Are you plan- 
ning to stay the rest of the day? We might have you on in the 
discussion late this afternoon. 

Dr. Frrepeu. Yes, sir. 


Representative Hoxirretp. Thank you, sir. Your prepared state- 
ment will be placed in the record at this point. 
(The prepared statement referred to follows :) 


MATERIAL PRESENTED BEFORE THE JoINT COMMITTEE ON ATOMIC ENERGY BY H. L. 
FRIEDELL, M. D. 


The biological effects that are observed when tissues are irradiated must 
begin as a result of the physical interaction of ionizing radiation and the atoms 
that comprise the biological specimen. 

This interaction appears primarily as ionization—that is, ejection of an elec- 
tron from the orbit by excitation, in which the energy level of the electron with- 
out ejection probably also plays a part. 

The excited and ionized atoms and molecules then appear to interact in var- 
jous Ways, eventually producing profound chemical and biochemical change. 
The immediate physical and chemical changes are probably over in fractions of 
a microsecond, or at most a few microseconds. The biological effects may not 
appear for hours, days, or months. 

One interesting aspect of this energy absorption is that only a small absorp- 
tion of energy produces such widespread biological effects. One thousand roent- 
gens, a lethal dose, involves only a very small fraction of a calory per gram 
(210° ealories per gram). Another way to look at this is that the energy 
which is absorbed appears to affect directly only about 10° molecules in a cell 
which generally contains 10 molecules. 

In outline form, we need to think of the chain of events as (1) physical inter- 
action, (2) chemical and biochemical changes, (3) cellular changes, (4) going 
on to tissue and organ system alteration, and, finally (5) injury to the whole 
organism. 

The chemical and biochemical effects which occur are at the present time 
somewhat obscure and receiving much study. One of these effects that has 
been of interest and which appears to be tied up with some of the observable 
biological changes are the indirect effects resulting from the disruption of the 
water molecule abundantly present in living tissue. In the presence of oxygen, 
this results in producing highly active water radicals which in turn attack 
vital molecules in the cell since they are very active oxidants. 

It has been found that, by depriving the cell of oxygen during the radiation 
period, these effects can be markedly minimized. By introducing chemicals 
which are in themselves oxygen acceptors, the oxidation effect on sensitive 
tissue systems may be spared and the radiation injury is markedly minimized. 

At the present time, the best working concept is that the indirect effects are 
very important at the levels of radiation with which we are concerned (500 
to 1,000 r.), that efforts to correct or prevent the chemical and biochemical 
disturbances as a result of disruption of the water molecules protects biological 
systems in an effective manner. It should be pointed out that this must be done 
during the radiation and is completely ineffective after the radiation has been 
delivered. 

The cellular effects have been quite thoroughly studied. On the whole, the 
nucleus is known to be more sensitive than the cytoplasm. Cells appear to be 
affected primarily with respect to their function of division and recent studies 
have, therefore, been directed at this aspect. From the biochemical point of 
view, the nucleic acid metabolism, and particularly DNA in the nucleus, has 
received considerable attention. 

From a general point of view, it is best to look at the cellular changes and 
try to understand the difference between cells and their place in the economy 
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of the whole organism. At one end we have extremely sensitive cells. These 
may be listed as follows: 
(a) Extremely sensitive: Lymphocytes, erythroblasts, germinal epithe- 
lium of testis, myeloblasts, germinal cells of ovary. 
(b) Highly sensitive to moderately sensitive: Epithelium of intestinal 
crypts, basal layers of the skin. 
(c) Insensitive: Connective tissue, bone, liver, pancreas, kidney, nerve, 
brain, muscle. 

An estimate of the variation in sensitivity permits us to understand better 
the effects on tissue and on the whole organism. The effect on the whole 
organism is obviously determined by how dependent the organism is upon 
extremely radiosensitive tissues. Since the hematopoietic system is one of the 
extremely important tissues upon which the organism vitally depends, it can be 
explained that irradiated animals can be readily injured by comparatively 
modest doses. The animals suffer infections and will die a hematopoietic death 
if some measure for correction is not instituted. The epithelium of the gastro- 
intestinal tract is less sensitive but nevertheless readily affected by large doses 
of radiation. At the lower dose levels there is rapid recovery. At the higher 
dose levels recovery is markedly impaired and the animal may succumb to what 
is known as a gastrointestinal death, sometimes even before the hematopoietic 
changes can manifest themselves. 

Many tissues are quite unaffected by radiation at levels which would cause 
death of the whole organism. Therefore, under certain circumstances, par- 
ticularly when certain radio elements are used, considerable radiation may be 
delivered without seriously affecting the organism as a whole since the radiation 
is confined to a comparatively insensitive structure. Also, radiation delivered 
to sensitive tissues which may not be vital to the organism proper will have 
comparatively little effect on the individual. As an example, radiation de- 
livered to the thyroid, which in older individuals is comparatively insensitive to 
radiation, will not produce any appreciable effect on the whole organism. Also, 
radiation delivered in modest doses to the gonads may produce sterility but 
will otherwise appear to have no demonstrable effect on the individual proper. 

It would be well to point out that the manner in which radiation is delivered 
is highly important in considering the possible biological effects (excepting 
genetic changes which will be discussed briefly later). Protraction and frac- 
tionation of the radiation markedly reduces the total somatic biological effect. 
Radiation delivered to specific parts of the body markedly alters the response 
so that shielding of part of the body increases the dose necessary for lethal 
effects. 

Generally, radiation delivered over a long period of time gives some of the 
tissues an opportunity to recover (a process which is poorly understood) and, 
therefore, increases survival. 

Specifically, it is well to point out that species sensitivity varies among 
mammals. Following is a list which gives some concept of the range that may 
exist: 


LD: dose: Roentgens | LDs) dose: Roentgens 
Gaines pies... a... 200 I ge pass ate nceiaseacieain 700 
ee cel 300 ONO at Pe 750 
te 350 cae a 800 
ON a i 450 WT gis atin ane See eas 100, 000 
TI ok ae Sg 500 NER no 1, 000, 000 


Man is estimated to fall somewhere halfway through this range of mammals 
and the LDs dose (that is, the dose necessary to kill 50 percent of the indi- 
viduals) is presumed to be about 500 roentgens. 

As a result of whole-body radiation, certain specific tissues effects are pro- 
duced. These in turn determine the clinical syndrome. Briefly, the effects 
which first appear are nausea and vomiting, which can be explained on the 
injury to the gastrointestinal tract. Prostration, diarrhea, and anorexia may 
promptly occur with larger doses—again the result of interference with gas- 
troitestinal function and dehydration. The blood forming tissues are simul- 
taneously affected, but evidence of their severe depression is slightly delayed. 
There is marked depletion of the white cells—later the red ceils. The elements 
involved in clotting are seriously affected and hemorrhages as a result of this 
derangement soon appear. The individual is susceptible to infection for two 
reasons—one, depletion of the white cells, and secondly, by impairment of the 
ability to form antibodies. As a result of this susceptibility to infection, the 
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oropharynx, respiratory and gastrointestinal tract are prone to ulceration and 
infection. The central nervous system is essentially not affected. 

The neuromuscular system and the specific function of the liver and kidney 
appear not affected at lethal doses, fitting in with our general concept of radia- 
tion sensitivity of tissues. Epilation occurs as the dose approaches the LD» 
range, since the basal cells of the skin and their derivatives are quite sensitive. 

Of concern also are effects which do not appear immediately as the result 
of radiation but are either postponed until late in the life cycle of the organism 
or may be observed only by special methods of testing. One of these is the 
question of general impairment of viability of the organism which may be 
susceptible of determination by observation on longevity. 

In animals at fairly large doses there is good evidence that animals do not 
survive as long as nonirradiated controls. Whether this may be extrapolated 
to low dose levels is uncertain and is by no means conclusively established. 
There are no good data at levels of less than 100 roentgens and those that are 
available do not indicate any change in longevity. Recently, there has been 
presented evidence that radiologists who, having received more radiation than 
others by the nature of their activities, have suffered a reduction in their life 
span. Although the data are suggestive, statisticians have seriously questioned 
the significance of these data because of the method of sampling and of the un- 
certain relationship of the age groups. 

Another late consequence of radiation in which the animal survives is the pro- 
duction of malignant new growths (tumors of various kinds) and leukemia. In 
animals, large doses unquestionably produce an increase in the incidence of can- 
cers and leukemias. It should be pointed out that it is necessary to use a 
susceptible strain and that in certain insensitive strains it is not possible to pro- 
duce these changes. The question as to whether this occurs in man, I think, 
has been amply demonstrated. 

I believe there is evidence to show that when humans are heavily irradiated, 
tumors and lukemia will appear. The question is whether this occurrence may 
be satisfactorily quantitated and attributed to low levels of radiation. We have 
no data in this respect. Theoretically, considerations suggest that this may oc- 
cur, but at present are entirely in the realm of hypothesis and must be considered 
inconclusive. 

A third important late effect is concerned with the injury to the genetic tissue 
of the organism, and here I believe we should now make a distinction between 
sterility and genetic alteration. 

The cells of the gonads which develop into sperm and ova and concerned with 
reproduction are extremely sensitive—comparable to that of hematopoietic tissue, 
and are injured with modest doses of radiation. From the point of view of 
sterility, it requires about 300 to 400 r to induce sterility in the female and per- 
haps 500 r to induce sterility in the male—that is, there is essentially complete 
loss of viability of the reproductive cells so that no progeny is possible. 

This must also be distinguished from injury to the cells in the reproductive 
organs having to do with sexual characteristics—that is, male and female charac- 
teristics and other hormonal influences. These cells are not readily injured by 
radiation and are comparatively insensitive. Although it is easy to produce 
sterility, it is very difficult to eliminate the normal sexual characteristics—that 
is, male and female characteristics and other related functions. 

The important change which has significance for all of society concerns itself 
with the alteration of the genes proper. Without going into the concepts of 
physical characteristics of the gene and its position in the reproductive ap- 
paratus, it is sufficient to say that these alterations are known as mutations 
which are essentially uninvolved in the reproductive capacity of the individual 
but produce its effects in subsequent generations. 

Briefly, these mutations as a result of radiation appear to be similar to muta- 
tions produced by other causes. (Radiation is not the only cause for mutation.) 
The number of mutants appears to be directly related to the amount of radi- 
ation; that is, doubling the dose Coubles the number of mutants. It is pre- 
sumed that the radiation would have exactly the same importance and effect no 
matter how low the radiation level. It should be pointed out that we have no 
data below 25 roentgens and that extrapolations to very low levels are made on 
theoretical grounds. 

It has also been generally accepted that the radiation effects on the extent 
of mutations are cumulative. That is, whether the dose is given at one time or 
distributed over long periods of time, the effects are exactly the same. Although 
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these data appear sound, they may still be considered incomplete and there are 
minor discrepancies which have appeared and which may require some elabora- 
tion. There is also reason to discuss the place of the production of mutations 
compared with the general mutations that are being retained in the genetic pool. 

The radiation dose necessary to double the mutation rate appears to be about 
50 roentgens. It should be clearly understood that this is an estimate, and 
competent geneticists have submitted proposals from 5 to 150 roentgens. 

It is known that there are many diseases of heredity (that is, genetic origin) 
which are almost certainly the result of mutants and may therefore be examined 
in the same light as mutants due to radiation. Since these may be retained in 
the pool because of the amelioration of the rigors of selection, it would be possible 
to assess all of these mutants in terms of reentgens. Therefore, a better esti- 
mate of the total hazard as a result of low doses of radiation would be possible. 

It appears that most mutations appear to be of the recessive variety which 
would therefore, in effect, not permit their immediate recognition or elimination 
until after many, many generations. This means that the mutant will become 
widely disseminated in the genetic pool. It also means that the radiation re- 
ceived by a small segment of society may be of little consequence since the radia- 
tion to the total population would be roughly the ratio of the total population to 
this small segment. The genetic effects are best surveyed from the point of view 
of its effect on the whole population and, generally speaking, the genetic effects 
become significant when delivered to either the whole population or large 
segments of it. 

I am inclined to make these observations from the point of view of long-term 
effects of radiation-—that is, the production of tumors, leukemia, and the decrease 
in longevity. 

All data presented at the present time are either presumptive or speculative for 
very low doses. They rest in hypotheses derived from the theoretical aspect of 
dose effects at high levels. I believe there is sufficient uncertainty so that it 
would be unwise, and in fact nonscientific, to make conclusive decisions on the 
basis of these extrapolations. 

With respect to the genetic effects, which have been extensively studied by 
biologists, there are sufficient uncertainties even in these data so that it is not 
possible to accept them as entirely unassailable. These include the fact that data 
at low levels do not exist, that data are confined at present to Drosophila and 
to a few small mammals such as mice, that the mutation rate due to ultraviolet 
radiation appears to be nonlinear, and there is reason to believe that some of 
the energy transfer with ionizing radiation is in part of the same character as 
that with ultraviolet radiation. Man has existed since time immemorial in a 
sea of radiation where fairly large differences because of altitude and special 
geographic places also are present. It is difficult to reconcile some of the con- 
jectures to be made at very low levels with the natural radiation doses to which 
man has already been subjected. 

To my mind, the problems of biolegic effects at low doses are in essence these: 

1. The data on the biological effects at low levels of radiation are by no means 
conclusive. At best they must be considered highly presumptive This suggests 
that extensive, carefully considered research is necessary. 

2. Even if one assumes that the low-level effects of radiation are established, 
the problem of establishing the hazard and the risk rate at these levels has not 
yet been fully and properly evaluated. With specific regard to the fallout prob- 
lem, it is my opinion that at the low levels which now appear to exist, no im- 
mediate decision on any vital problems is now necessary. 

With respect to the general overall consideration regarding all-out nuclear 
warfare, a different order of magnitude is introduced and I must join with 
others in pointing out that this is fraught with the direst consequences, and 
that every effort must be expended to the elimination of nuclear warfare. 

With specific respect to the fallout problem, it is my opinion that with the low 
levels which now exist, no precipitate alteration in Our course is required. 
There are a number of organizations on radiation protection that are con- 
tinually looking at this problem with representatives of all disciplines, and they 
are gradually modifying the acceptable levels wherever it is found desirable. 


Representative Hortrreitp. Before we hear our next witness, I 


would like to insert in the record a report from the Armed Forces 
Institute of Pathology. 
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(The report referred to follows :) 


ARMED Forces INSTITUTE OF PATHOLOGY, 
WALTER REED ARMY MEDICAL CENTER, 
Washington, D. C., May 16, 1957. 
Subject: Statements for congressional hearings. 
To: Chief of Research and Development, Department of the Army, Washington, 


C. 
(Attn. Chief, Atomic Division. ) 


The following report is submitted in accordance with a verbal request to the 
Director of the Armed Forces Institute of Pathology from Lieutenant Colonel 
Ransom of the Research and Development Office of the Department of the Army, 
May 14,1957. The time limit of 24 hours for the preparation of such an exten- 
sive report, and the absence on TDY of the Chief and Assistant Chief of the 
Section on Radiobiology, Armed Forces Institute of Pathology at the Nevada 
test site on Operation Plumbob 4.1 necessarily resulted in some limitation on 
presentation of material requested which under more favorable circumstances 
could possibly be more fully covered. The discussions and answers as presented 
represent a combined effort of the professional staff of the Armed Forces Insti- 
tute of Pathology with some assistance obtained from Naval Medical Research 
Institute and Walter Reed Army Institute of Research. 

W. M. SILLIPH Ant, 
Captain, MC, USN, The Director. 


CONCERNING Topic IX 


A detailed discussion of the occurrence of strontium 90 and cesium 137 in the 
atmosphere and its uptake and behavior in man is contained in the remarks 
prepared by Dr. Willard F. Libby, Commissioner, United States Atomic Energy 
Commission, for delivery before the spring meeting of the American Physical 
Society, Washington, D. C., April 26, 1957. A copy is attached (see p. 1519). 
These findings have also been discussed and confirmed by Drs. J. L. Kulp, W. R. 
Eckelmann, A. R. Schulert (Strontium 90 in Man. Science, 125, p. 219, February 8, 
1957). However, Dr. Lapp (Science, vol. 125, p. 933, May 10, 1957) criticizes some 
of these conclusions, and points out some pertinent factors for consideration. His 
critique is attached (see pp. 694, 704). 


CONCERNING Topic X 
Somatic ErrectS—PATHOLOGY 


A. Distinction must be made between the somatic and genetic effects of radi- 
ation 


The genetic cells carry on from generation to generation the damage which 
has been received. The somatic cells receive the injury but this is not trans- 
mitted from one generation to another. The effects of high level radiation 
may be manifested not only immediately but also after a delayed period. There 
are also effects from a low level of radiation and some organs are more readily 
injured than others. 


B. Early effects of erposure of animals and man to external radiation 


1. Gama and X-radiation.—Syndrome of radiation sickness. Individuals re- 
ceiving doses of total body radiation can probably be best divided from a stand- 
point of prognosis according to the clinical signs and symptoms they present. 
This is particularly true because of individual variation in the response of dif- 
ferent people to the same dose of irradiation. Roughly, casualties may be 
grouped into those in which survival is improbable, possible, and probable.. 
There is, however, no very sharp line of demarcation among the groups. The 
signs and symptoms have been described for the Japanese casualties at Hiro- 
shima and Nagasaki in a report by Liebow, Warren, and DeCoursey in the 
American Journal of Pathology and in a report entitled “Some Effects of lioniz- 
ing Radiation on Human Beings” involving particularly the Marshallese casu- 
alties. In doses of more than 3,000 roentgens one may encounter a hyperacute 
reaction within an hour whereas in the range of about 3,000 to 2,000 roentgens 
nauseau, vomiting, and some diarrhea and fatigue may be the initial reaction in 
2 to 4 hours after exposure. In individuals receiving doses between the range 
of 2,000 down to 800 roentgens there may be a period of relative well-being 
following the initial reaction for a few days and then a gradual return of 
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anorexia, malaise, severe diarrhea, thirst, fever, delirium, and leucopenia. In 
individuals between 800 and 300 roentgens this reaction may come in about 2 
to 3 weeks with acute bone marrow failure, ulceration of the gastrointestinal 
tract, epilation, and bacterial infection. A subacute reaction consisting of sub- 
acute marrow failure, subacute infection in the lungs, brain, and bowel and 
general malnutrition may manifest itself in about 6 weeks after exposure in pa- 
tients receiving 350 to 250 roentgens. In those receiving less than 250 roentgens 
and in some survivors from doses in the lethal range, there may be a chronic 
reaction of varying degrees extending for a period of months or longer of mal- 
nutrition, chronic anemia, premature aging, leukemia, and possibly neoplasia. 
The above acute syndrome varies with the geometry of the source of radiation 
in relation to the exposed person, 

(a) Marshallese: See reference. 

(b) The Los Alamos incidents referred to under X, B, 1, b are covered in a 
single entire issue of the Annals of Internal Medicine February 2, 1952. 

2. Beta radiation—Beta burns.—As long as only very penetrating radiations 
are involved in exposure of the entire body, skin injury would rarely be a prob- 
lem, because a dose sufficient to permanently affect it would kill the patient 
before dermatologic lesions were of any concern. Epilation is an exception to 
this statement since it was present, though only temporarily, in some of the 
Japanese atom-bomb victims, During fallout from bomb clouds, however, radio- 
active particles may settle on the exposed skin of anyone outdoors, and the 
hazards of beta particle radiation burns are added to the effect produced by 
penetrating gamma rays. Beta particle burns resulting from fallout first came 
into public prominence with the announcement that some of the inhabitants of 
the Marshall Islands were exposed to such a hazard during the 1954 weapons- 
testing program. However, the problem of fallout was not a new thing to those 
charged with the responsibility of conducting tests of nuclear weapons. At the 
time of the first nuclear detonation at Alamagordo, N. Mex., a number of cattle 
about 10 miles from the blast received fallout on their backs. The fine particles 
were retained by the hair, and in a few weeks epilation and blisterlike lesions 
occurred. The lesions healed much like ordinary thermal burns, and the hair 
grew again, but the original red color was replaced by grey or white. Late 
effects of this exposure have recently been reported in studies conducted at the 
AFIP. 

(a) Marshallese: In the Marshallese group individuals were exposed to 
gamma and beta radiation. The injuries due to beta burns were local and 
confined to the areas of contact. The reaction manifested itself by initial 
tingling and itching at the time of exposure, followed by erythema and edema 
in a few hours, lasting for 2 to 3 days. There was then a latent asymptomatic 
8- to 5-day period with a return of secondary erythema with vesicle formation. 
Drying and desquamation takes place in about 3 weeks and the individual then 
may enter a chronic phase with some atrophy of the involved parts taking 
place. Where both types of radiation occur concomitantly, the gamma radiation 
generally overrides the beta in clinical significance. 

The effects of ionizing radiation amongst the Marshallese has been extensively 
covered in the report Some Effects of Ionizing Radiation on Human Beings 
from the Naval Medical Research Institute, Bethesda, Md.; United States Naval 
Radiological Defense Laboratory, California; and Medical Department, Brook- 
haven National Laboratory, Upton, N. Y.; United States Atomic Energy Com- 
mission, July 1955. Values for gamma and beta radiation could only be approxi- 
mated but there was a high enough dose on the skin to produce lesions. The 
estimated “point source” doses were: 

Rongelap, group I, 260 r. 
Uterik, group IV, 20 r. 

Some of the patients showed acute symptoms of diarrhea and vomiting and 
itching and burning of the skin in group I (Rongelap) but nome in group IV 
(Uterik) showed these symptems. Biopsies were taken of the skin at various 
stages. These showed changes typical of radiation reaction. Ultimately there 
was complete restoration of the skin. 

(b) Other examples: Skin lesions, acute, chronic and neoplastic were one of 
the earliest hazards to be recognized in human beings exposed to low energy 
radiation. Human casualties from ionizing radiation have been of increasing 
concern since the turn of the century. These include in addition to skin lesions, 
a higher incidence of leukemia among radiologists than among the general popu- 
lation. The occurrence of cataracts among early workers with cyclotrons, the 
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high incidence of cancer of the lungs as an occupational hazard among certain 
miners in Czechoslovakia, and the bone cancers that occurred in watch dial 
painters in this country. 


(c) The early effects of internal radiation are dependent upon the amount, type, 
and area where material is deposited 


If the material is insoluble and taken into the gastrointestinal tract, it might 
produce only local irritation of the intestinal tract but not be absorbed within 
the body economy. Another example would be in giving I-131, the early mani- 
festations of which would be some soreness of the thyroid and hematopoietic 
changes (approximately 2 to 3 weeks). However, this would require a large 
therapeutic dose. 


(da) Criteria include 


Half life (the physical and biological half lives), body utilization, solubility 
and excretion. 


(e) The degree to which late effects, readily produced in animals by single 
“massive” doses of total body ionizing radiation, may turn up in survivors 
in Japan is still under investigation 

Such effects include the occurrence of tumors in various organs after long 
latent periods following a single exposure to total body radiations in the lethal 
dose range; genetic mutations that affect subsequent generations; and aging. 
Such injuries are obviously far more difficult to follow in man than in controlled 
laboratory animal populations. It is only very recently that quantitative data 
on genetic mutations have been extended from fruitflies to a mammal, namely, 
the laboratory mouse, and this may still be a long way from the problem in 
man. An increased incidence of myelogenous leukemia and radiation cataracts 
has been found in the followup studies of the Japanese to date. 

In the course of radiotherapy, it seems that serious late effects can result 
from a single exposure or a series of exposures to X or isotopic radiations. 
Thyroid cancer has resulted in children being given X-radiation for thymic 
disease. Leukemia has also been reported in individuals receiving X-radiation 
for spondylitis or those receiving repeated I-131 for cancer. The increased inci- 
dence in leukemia in the Japanese exposed to nuclear explosions at Hiroshima 
and Nagasaki is the only example of this disease occurring in man after a single 
acute exposure of the entire body to ionizing radiation. 


(f) General 


Exposure of the entire body, or a major portion thereof, to significant amounts 
of penetrating ionizing radiation interferes with the proliferation of normally 
self-replenishing tissues essential to life, namely the bone marrow, and under 
certain cireumstances, the small bowel epitheliu. Within the lethal dose range, 
most of the stem cells responsible for the continued replacement of these tissues 
are still capable of recovery, with survival being dependent upon the time and 
extent of regeneration. The acute radiation syndrome, therefore, is a clinical 
entity resulting from an action of ionizing radiation from which recovery is po- 
tentially possible. It is a diagnosis that includes the signs and symptoms that 
evolve following exposure of the whole body or a major portion thereof to 
penetrating ionizing radiation. 

It has been estimated that the human bone marrow pours into the blood stream 
each day 1 trillion red blood cells, 10 billion granulocytes and 500 billion platelets. 
The epithelial lining of the small bowel of a rat is replaced every day and a half. 
In the human, the rate of replacement is not accurately known, but it is also 
quite rapid. The rate of cell division in these tissues, throughout life, is as 
high as that encountered in a great many malignant tumors. Interference with 
the continuous proliferation or replacement of these tissues results in a secondary 
aplastic anemia and damage to the integrity of the alimentary tract. 

The sequelae of panhematocytopenia from any cause have been known for a 
number of years. They include (1) thrombocytopenic purpura, (2) anemia, and 
(3) agranolocytie infections. 

Anemia is due to a variety of factors including (1) inadequate hematopoiesis, 
(2) widespread purpuric hemorrhage, and (3) increased destruction of red blood 
cells. Hemorrhage is most prone to occur at sites of injury due to radiation 
damage, accidental trauma, and physiologic activity. Huge numbers of extra- 
vasated erythrocytes return to the bloow stream via the lymphatic system and 
thoracic ducts. Many are phagocytized by macrophages. Increased destruc- 
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tion of red blood cells occurs, and leads to increased deposits of hemosiderin in 
the spleen. 

Vincent’s Angina is a common complication of agranulocytosis from any cause. 
Mechanical trauma and poor oral hygience invite septic ulcerations, particularly 
in the presence of agranulocytosis. The tonsils, as is well known, may serve 
as portals of entry for bacteria with the subsequent development of a bacteremia 
or septicemia. 

Focal hemorrhages from radiation-induced thrombocytopenic purpura may 
be followed by septic ulcerations of the large bowel and the onset of diarrhea 
several weeks after exposure, even though the dose of radiation to the abdomen 
has not been sufficient to permanently interfere with recovery of the more radio- 
sensitive small bowel. Such things as focal hemorrhages, delayed vascular re- 
actions to irradiation, and to injured tissue, damage to the solitary lymphoid 
follicles and smoldering superficial infections contribute to the development of 
such ulcers. 

Recovery of the small bowel epithelium generally occurs following exposure to 
total body ionizing radiation up to 100 percent lethal dese. Failure of recovery, 
however, may be an impertant factor-in early deaths resulting from exposure to 
supralethal doses, or where the small intenstine is the principal site of injury. 

1. In the various mechanisms of response of man to radiation the injury is 
eaused by the energy imparted by the various ionizing radiations. This energy 
is dissipated in matter through excitation or ionization, depending upon the 
energy level of the radiation. The total ionizing action is related te the number 
of ion pairs formed per unit limit. This may be expressed as the density of 
ienization. Alpha particles have a high ionization density but a short range; 
beta particles a less dense ionization pattern but a range of a few millimeters 
in tissue and a few centimeters in air. Gamma radiation has a long range with 
the lightest ionization density. Neutrons have a somewhat shorter range than 
gamma rays. This is significant in that gamma and neutrons can penetrate with 
ease into the body from external sources. In contradistinction, alpha and beta 
particles are limited in such penetration from practically 0 for the alphas to a 
few millimeters through the skin for the betas. However, from an internal 
source, alpha emitters take on particular importance because of their unrestricted 
local activity over very long periods of time. 

Certain effects of ionizing radiation on living cells in both plant and animal 
tissues have been clearly established for many years. These include (1) acute 
cell destruction, associated with nuclear vacuolization, rupture, and fragmen- 
tation; (2) a variety of chromosomal alterations and; (3) delay in division. 
Less well understood actions include (1) differentiations, aging and death of so- 
called vegetative intermitotic or stem cells; (2) effects which interfere with 
the action of humoral factors involved in the regeneration of certain tissues, 
including derivatives of the reticuloendothelial system; and (3) effects involving 
the cellular and noncellular immune responses of the organism. 

2. Significance of different types of ionizing radiation in process: There are 
several important differences between lesions to be expected from penetrating 
radiation and from beta radiation from fallout particles. Once the beta particles 
have reached the surface of the earth, they contribute to the general activity of 
the area, but do not endanger the skin surfaces to any extent, because they pene- 
trate only a few millimeters of tissue and almost any covering affords some pro- 
tection. Overexposure to gamma rays may be followed by the acute radiation 
syndrome, and death or recovery in a matter of weeks, while exposure to high 
levels of beta radiation may result in third-degree burns requiring long hospital- 
ization and extensive skin grafting. 

In early casualties due to fallout in the general vicinity of the nuclear weapon 
used, one is concerned chiefly with the “recoverable component” of radiation 
injury. With such fallout pattern, depending on meteorological conditions down- 
wind from the site of detonation, the terrain, weapon, point of detonation, etc., 
time, intensity and quality factors of irradiation become as important for prog- 
nosis, aS they are in formulating a radiation prescription for the treatment of 
malignant disease. From a research standpoint also, the recoverable component 
of irradiation injury appears to be the key to survival following total body 
irradiation. 

3. Ionization is thought to result in the breakdown products of water in the 
presence of oxygen into OH, H, O.H, and H.0.; with the exception of hydrogen, 
these are powerful oxidizing agents. As to the locus of the radiation effects, in 
cells, two theories are advanced. One, the target theory localizes the action with 
some vital component of the cells. The other, the indirect theory, relates more 
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to the general action of the breakdown products of water. Both types of action 
probably account for radiation injury. One of the most important cellular effects 
is enzyme alteration. This generally occurs by oxidization of the SH groups 
or by protein denaturation. There is also a reduction of nucleic acid synthesis 
and arrest of mitosis. The use of the terms direct and indirect effects of irradia- 
tion should distinguish whether one is speaking of a single cell or the whole 
organism. Thus, ionizing radiation effects on the small bowel epithelium are 
direct in the sense that they are not appreciably inflamed by shielding various 
portions of the body other than the area of small intestine irradiated. Such 
effects within a single proliferating mucosal crypt cell may be both direct and 
indirect, although the latter, presumably mediated by the production of certain 
highly reactive radicals, appear to be the most important, 

Various tissues of the body respond quite differently, in terms of ultimate 
effect, to the same cumulative dose of irradiation—total body and otherwise— 
fractionated in different ways. (See also data by Nachmansohn and Cotzias 
and Serlin under X, BI.) 

4. As a general rule, the sensitivity of a call to radiation varies as the mitotic 
activity and inversely as the degree of differentiation. Ranging from the most 
sensitive to the least sensitive, are the lymphocytes, erythroblasts germinal 
epithelium of tastes, myloblasts, intestinal crypt epithelium, ovarian germinal 
cells, basal layer of skin, connective tissue, liver, pancreas, kidney, bone, brain, 
nerve, and muscle. It is important to distinguish between radiosensitivity and 
radiocurability as well as the biological effect under consideration, 

5. Effects of the whole organism. 

(a)There is a wide difference in susceptibility of various animals to total 
body irradiation. The approximate LD 50/30 doses of total body radiation are as 
follows: 


Roentgens Roentgens 
Gunee® pisi.cos ccc . 250 Se a eee 590 
WO a eae 300-430 OE id Sg a een eee 500-650 
tee ne ee 420 RUE ain eT eee hee ede 580-780 
| RE ES 0 (eatimated) | Ravort: 1 eens 790-875 
Semmes <2. 500 * Ce ot ee Ss 1,000 
SOU 520 WONG @ 3 ee 15,000 


1For servival period of 67 monkeys at various gamma radiation doses see Effects of 
Barium™-—Lanthanum™ ete., under B.1._ For recent review of the Effects of Radiation in 
Mammals, E. P. Cronkite and V. P. Bond, American Review of Physiology, vol. 18, 1956. 

The difference in the lethal dose of total body irradiation upon various mam- 
malian species: guinea pig, 200 roentgens, rabbits, 800 roentgens, has been di- 
rectly correlated with degree of the recovery of delay in bone marrow produced 
in the particular species involved by such dose. 

(bv) Micro-organisms vary tremendously in their susceptibility to radiation. To 
destroy all bacteria in milk, for example, requires at least 750,000 roentgens. 
Tobacco mosaic virus requires 1,800,000 roentgens. 

(1) Position of man: There are no exact data. The LD50 figure of 350 
roentgens proposed from the Marshallese contrasts with a commonly quoted 
value of 400 roentgens or 450 roentgens. (Handbook of Atomic Weapons for 
Medical Officers prepared by the Armed Forees Medical Policy Council for the 
Army, Navy, and Air Force, June 1951), and a recent evaluation of the Japa- 
nese World War II casualty data something in figures well bove 400 to 450 
roentgens for the immediate radiation from the bomb. (See Marshallese report). 

6. The clinical syndrome in man of radiation injury in the sublethal and lethal 
range presents a fairly uniform hematopoietic pattern. In the sublethal group, 
there is an early and profound drop in lymphocytes with the neutrophil count 
showing an initial rise in 12 to 48 hours and then falling to pre-exposure level 
with a maximum drop from 5 to 6 weeks. Platelets start to decrease in a few 
weeks with a maximum low in about one month. During the first few weeks 
the hematocrit falls off only slightly if there is no bleeding. In the lethal ranges 
the same course of events occur but are markedly acceleraed and of greater 
intensity. The platelets drop off by the 4th day and completely disappear by 
the 10th. This general hematopoietic depression ties in with the subsequent 
bleeding and infection susceptibility. In the delayed effects the shortening of 
life span may result from such general factors as lowered immunity, damage 
to connective tissue, and premature aging. The question of specific tissue dam- 
age is indicated by the increased tendency to leukemia and skin cancer in certain 
exposed individuals. However, the carcinogenic factor is not too well estab- 
lished in humans. 
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For syndrome of nervous symptoms, see joint report of Hiroshima and Naga- 
saki casualties, etc., by Shiraki et al., under X, B,1l, Also in National Academy 
Sciences report, 452, pages v-5-v-62. 


G. Relationships of damage mechanisms to dosages 


1. Production of leukemia and neoplasms (under mechanisms and response 
of man to radiation and radioactivity) exposure to ienizing radiation has been 
generally accepted as a leukemogenie factor in man (Kaplan, H. S., Cancer 
Research, 14, 535, 1954). 

The high incidence of leukemia in radiologists, 8 to 10 times the incidence 
jin nonradiologists has been widely accepted as evidence of this factor (Ulrich, 
H., New England Journal of Medicine, 234: 45, 1946). Further evidence has 
been the cases of leukemia and malignant epithelial lesions (Hepatomas) many 
years after the diagnostic use of Thorium dioxide (Thorotrast). 

More recent evidence is the preliminary report from England in 1956 on the 
apparent increased incidence of leukemias in children following exposure to 
weak irradiation received through prenatal diagnostic pelvimetry (Stewart, A., 
Webb, J., Giles, D., and Hewitt, D., Lancet 2: 447, 1956). 

Aplastic anemia: It is well known that the atomic bomb victims that survived 
the blast and were exposed to extensive radiation died with aplastie or hypo- 
plastic bone marrows. The sequence of the morphologic changes in the bone 
marrow have clearly been described by Liebow, Warren, and DeCoursey (Ameri- 
ean Journal of Pathology 25: 853, 1949). In experimental animals evaluation 
of bone marrow radiosensitivity indicates a variation in degree of sensitivity 
of the hematopoietic elements with the granulocytic and erythroid elements being 
most sensitive and fat cells and reticulum cells the least sensitive and even 
quite radioresistant (Bloom, M. A., and Bloom, W., Journal of Laboratory and 
Clinical Medicine, 32: 654, 1947). However, more recent studies have indicated 
that erythropoietic elements are definitely less sensitive than granulocytic 
(Valentine, W. N., and Pearce, M. L., Blood, 7: 1, 1952). 

The use of repeated large whole-body irradiation exposures has been studied 
by Valentine, Pearce, and Lawrence in the cat using 4 exposures of 200 r over 
a period of 1% years. Although the exact L. D. 50/30 days is not known, their 
preliminary work indicated that probably was in the 300 to 350 r range. 

Nevertheless, a single dose of 200 r represented a severe hematologic insult. 
Recovery occurred within 30 days following each exposure with very little de- 
tectible marrow damage after four exposures. (Valentine, W. N., Pearce, M. L., 
and Lawrence, J. S.. Blood 7: 14, 1952. 

For a population of 100 million with a lifespan like that of the United 
States, each absorbed roentgen of whole-body radiation would result in about 
6,000 cases of leukemia during their life time, while one-tenth the “maximum 
permissible dose” of Sr™ would result in 35,000 cases. (E. B. Lewis, Leukemia 
and Ionizing Radiation. Science, 1957, 125 in press.) 


GENETIC EFFECTS 


H. The nature of genetic effects: Studies, beginning with Mendel, demon- 
strated that the characteristics of living things were inherited following certain 
specific laws. Animal-husbandry men and farmers knew most of this but could 
not interpret the genetics laws properly because of ignorance and lack of in- 
formation concerning genes and the requirements for expression of inherited 
characteristics. The germ cells containing only a single set ef chromosones 
which in turn carry only a single set of genes transmit the characteristic of one 
parent to the child. The child has a double set of chromosones and genes 
consisting of one set from each parent. Since the characteristic for one parent 
may be dominant over that of the other, the child will show a mixture of 
characteristics; some from one parent, some from the other, and some which 
were common to both parents. Studies with plants, insects, and animals have 
demonstrated the accuracy of these concepts. 

Because there are so many genes and so many variations among the genes 
for the same characteristic, there is considerable opportunity for variation which 
in turn permits opportunity to meet changes in the environment. There is still 
another mechanism which acts as a safeguard to allow the various species to 
change and thus adapt themselves to severe and marked alterations in the 
environment. ‘This mechanism is called mutation. It consists of an abrupt, 
spontaneous change in a gene, producing a change in a recognizable character- 
istic. Most mutations are detrimental to the species and would be of value 
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only if there was a considerable change in the environment. It has been esti- 
mated that approximately 1 in 10,000 germ cells will undergo such mutation. 

Frequency of tangible genetic effects as given by NAS report, i. e., mental de- 
fects, epilepsy, congenital malformations, neuromuscular defects, defects in vision 
or hearing, cutaneous and skeletal defects, or defects in the gastrointestinal or 
genito-urinary tracts, make up about 4 to 5 percent of all the live births of the 
United States. Of these about 2 percent are genetically caused. But this is 
not the natural mutation rate, which also includes lethals, changes in fertility, 
life span, etc., which are hard to detect and other nonharmful changes (eye color, 
ete.). Therefore it may be as Muller suggests, more like 1 in every 5, or 20 
percent. 

Recognized causes for natural mutation are temperature, chemical substances 
(particularly azone), and radiation. Again based on experiments with insects 
and animals it has been estimated that radiation equivalent to 30 to 80 r, 
whole-body dose, will double the normal spontaneous mutation rate. Further it 
has been demonstrated that the time over which the radiation is received does 
not affect the mutation rate. 

Russell's studies on mutation of seven genes in mice show that about 30 r de- 
livered to immatured germ cells constituted the doubling dose. There is probably 
not much higher in man, it may even be lower. 

Since man exhibits a longer life span than mice and Drosophilia, it is likely 
that more of the spontaneous mutations are due to background radiation. If it 
were equal to it (8 r) then the doubling rate would also be 3 r. It is more 
likely that it is about 3 times as large (10 r) as recommended by the NAS 
reports. 

The frequency of point mutations increases linearly with radiation dosage. 
In Drosophilia this has been demonstrated for a range from 25 r to 6,000 r. In 
certain plants this is extended down to 5 r. In mice this has only been tested 
from 300 to 800 r, but there is no indication that it does not hold outside this 
range. There is no sign of a threshold below which mutations are not produced, 
but rather even the lowest are proportionately mutagenic, and all doses are 
additive or cumulate in effect. 

Because gene changes are inherited and because it is very rare for genes to 
mutate back, the occurrence of a mutation is thereafter inherited until the end 
of that cell line. Consequently, the effects of mutation accumulate within the 
population. With random matings these genetic changes become dispersed among 
the population. If the mutations are detrimental they are likely to cause de- 
creased viability and ultimately death when accumulated in the population to 
such an extent that both parents transmit the detrimental character to the child. 
Jn effect this eliminates the mutant from the population. Ultimately a level is 
reached whereby for each new mutation arising an old mutant accumulated in 
the population will be eliminated. 

Because of these reasons it has been believed by one group of investigators 
led by Muller that any increase in radiation can only be harmful and ultimately 
will lead to degradation and degeneration of the race. However, this will re- 
quire many generations before such effects could become apparent. A smaller 
group believes that there are certain inherent safeguards which would protect 
the species by decreasing mutation rate in response to radiation. 

Sturtevant of the California Institute of Technology has calculated that, if the 
irradiation from fallout increases at its present rate, it will produce some 70 
children a year carrying a mutation. This estimate he adds may be too low and, 
in fact 7,000 may be a better estimate. This has no noticeable impact statisti- 
eally, that is, about 2 percent (150) will actually show changes from the normal. 
If compared to the 4 million born yearly and 40,000 defective ones at birth we 
need not be concerned about the effect of fallout on the future of the people at 
large or on mankind. Yet if the statistical approach is not used 150 individual 
newborn children each year will be affected. 

Some of the current problems in this field are discussed in the following 
articles: 

Crow, James F., The Estimation of Spontaneous and Radiation-Induced Mutation 

Rates in Man, from Eugenics Quarterly, vol. 3, page 201, 1956. 

Crow, James F., Possible Consequences of an Increased Mutation Rate, from 

Eugenics Quarterly, in press. 

Glass, H. B., The Induction of Mutations with Radiation, talk delivered at Inter- 
national Agency for Peaceful Application of Atomic Energy, Brookhaven Na- 

tional Laboratory, May 15, 1957. 














918 RADIOACTIVE FALLOUT AND ITS EFFECTS ON MAN 


Stern, Curt, Genetics in the Atomic Age, from Eugenics Quarterly, vol. 3, page 
181, 1956. 

Muller, H. J., Potential Hazards of Radiation, from Excerpta Medica (Amster- 
dam) in press. 

Muller, H. J., Damage from Point Mutations in Relation to Radiation Dose and 
Biological Conditions, in press. 


L. Concepts and definitions for standards pertaining to external radiation 
effects are covered in Relative Biological Efficiency of Different Ionizing Radia- 
tions, John W. Borg, National Bureau of Standards Report 2946, December 30, 
1953. 

M. Standards for internal radiation effects: 

1. Reference is made to the report of the Subcommittee on Toxicity of Internal 
Emitters as given in Pathologic Effects of Atomic Radiation, National Academy 
of Sciences—National Research Council publication 452. 

Also reference is made to the report Tentative Recommendation of the NCRP 
for the Maximum Permissible Levels of Radiation to Man, a copy of which 
is attached. 

2. For methods of determining total accumulated doses and dose rates from 
external radiation, see Doses and Dose Rate Cures, AFSWP Manual No. 99. 
N. ———. 

SPECIFIC QUESTIONS FOR DISCUSSION 


A. All low level effects are not extrapolations from high level effects, (for 
example see studies by E. Lorenz). Such extrapolations would be hazardous. 
However, further studies on low-level effects are particularly important since 
the explosion on March 1, 1954, of an experimental thermonuclear device at the 
United States Atomic Energy Commission Eniwetok Proving Grounds in the 
Marshall Islands. 

B. There are quite definite distinctions between temporary and permanent 
(long-term) damages, and between repairable and irrepairable damage. The 
problem of certain long-term damages may be complicated by sequelae from 
effects upon tissues other than the one(s) in which the most serious lesion(s) 
may ultimately appear, as in the development of certain neoplasms. This has 
been demonstrated in the case of malignant tumors arising in the thymus fol- 
lowing irradiation by Kaplan, and may be true also for certain other types of 
neoplasms arising many years after exposure, as an example, in the skin. While 
repairable effects are well known, the differential sensitivity of anatomical 
units of an apparently, morphologically, homogenous tissue may result in in- 
complete recovery of a sufficient number of components after high doses to result 
in death of the organism. Recovery of self-replenishing tissues essential to life, 
such as the bone marrow and small intestine (when the abdomen is the principal 
site of injury and after supralethal doses of total body radiation) may be 
sufficiently delayed until sequelae, such as those associated with panhematocyto- 
paenia result in death even though in the case of the bone marrow recovery may 
still occur if such complications can be controlled. 

cr * * * 

D. The effects on behavior in Hiroshima and Nagasaki casualities who died 
during the period of 16 to 69 days is mentioned under Joint Report—Effects of 
Atomic Radiation on the Brain of Man, Etc., by Shiraki, et al., under X, B-1. 
There was little evidence of changes in mental posture, personality, and intelli- 
gence in those who died during the first 8 months after exposure. Under such 
conditions the dose level was great enough to cause death from anemia and other 
factors, but was insufficient to affect directly the brain. Japanese physicians 
have stated that many patients who survived the bombings have shown no 
neurological disabilities but have complained of generalized weakness, easy 
fatigability, and nervousness for years after the bombings. 

E. To date we are probably limited for practical purposes in the event of 
mass casualities due to exposure to ionizing radiation to procedures which will 
(1) reduce the dose received by such things as shelter, evacuation, clothing, 
bathing, washing down ships of the fleet, ete.; (2) reduce and combat complica- 
tions such as burns, indirect injuries from blast effects, and infection; and con- 
trol the sequelae of panhematocytopaenia, and disturbances in water and elec- 
trolyte balance, by procedures in general use for such syndrones from any cause. 
The possibility of adding to this armamentarium by more specific therapeutic 
measures, including both humoral and cellular factors appears probable from 
research to date, but has not been consummated. 
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F. Unless all radiological factors are reported, and radiation procedures such 
as fluoroscopy standardized as far as practical, a record of the number of 
roentgens received by each person during his lifetime would probably not be 
very meaningful. For example, to record the fact that on a film badge a patient 
received 10 roentgens, per se, is no more informative than a statement that he 
was given 10 milliliters of a substance intravenously without indicating the con- 
centration of the solution. 

G. The total estimated dose rate to gonads from natural sources of radiation 
both internal and external is 0.095 roentgens per year. In addition it is esti- 
mated that diagnostic radiology contributes 22 percent of the above natural radi- 
ation dose. Occupational exposure in radiology and industry adds at least 
another 1.6 percent of the natural radiation dose. (The Hazard to Man of 
Nuclear and Allied Radiation, presented to the Lord President of the Council to 
Parliament by Command of Her Majesty, June 1956.) H. (The numbering of 
the questions skips from H to J). 

Jo: *_* * 

K. Radioiodine acts principally on the thyroid, but a possible relationship to 
leukopenia and anemia has been suggested, The doses aud expected effects are 
as follows: 

(a) lor 2 milliocuries I™: This is the lowest amount that will cause transient 
alteration of physiological activity of the thyroid. No recognizable histologic 
changes would be expected. 

(b) 10 to 15 millicuries I: This amount will cause a mild transient decrease 
of thyroid activity, probably detectable only by laboratory tests. The depression 
may last a few months. Histologic alterations, if any, would be in the form of 
mild fibrosis and slight los of follicular epithelium. 

(c) 35 to 75 millicuries I: Usually given in fractional doses, this total 
amount ean be expected to produce definite clinical hypothyroid state for between 
6 and 12 months. Histologically, there would be varying degrees of fibrosis and 
follicle destruction. 

(d) Two courses of 35 to 75 millicuries I can be expected to produce almost 
complete cessation of thyroid function with severe myxedema. The duration of 
the myxedema cannot be predicted, as the patients tend to develop thyroid 
activity over the course of a few years. Histologically, one would expect 
virtually complete fibrosis of thyroid with a few surviving distorted epithelial 
cells and possibly a few distorted follicles. Eventually, some regeneration of 
follicles might occur. Even though there may be widespread destruction of 
thyroid, the parathyroids are unaffected. 

(e) 1,200 to 1,500 millicuries: This total amount has been given over a period 
of several years to a few patients. Leukopenia and/or anemia has sometimes 
developed and been attributed to the radiation effect or circulating I, but 
there is no proof that the hematologic changes were due to I. Amenorrhea 
has been reported, but there is no proof it was the result of I™. 

Cs": There is no evidence so far that Cs™ has any unusual biological prop- 
erties. It does not seem to localize in bone. 

™“: This is eliminated fairly rapidly (about 97 percent in 3 or 4 days) from 
the body, largely as CO,. It does not localize in bone. 

L. ** * 
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toses. Am. Soc. Clin. Path., 1954. 

Shuman, Richard and Helwig, Elson B.: Chondrodermatitis Helicis—Chon- 
drodermatitis Nodularis Chronica Helicis. Am. J. Clin. Path., 24: 126-144, 
1954. 

LT. COL, JOSEPH D. GOLDSTEIN (AVID) 


WRAIR, WRAMC, Wash., 12 D. C. Allergy. Jersey City, New Jersey, 27 
June O08. B.S., Iowa, 28; M. D., Iowa, 32; Res. Int Med., Jersey City Med Center, 
33-34; PG Hosp. N. Y., Allergy, 34; Civ Prac 34-40; Bn Regt Surg, Med Bn Ex 
Off, 44th Div, 40-46; Stu, Atomic Med, Duke, 50-51; Stu, Atomic Med, Oak Ridge, 
Tenn. 51: Depty Surg, USAH Indiantown Gap, 51; B’n C. O, 28th Div, 51-52; 
Div Surg, 28th Div, 53; Prof Cons & Asst Plans Off, 7th Army, Hq, Med Sect, 
53-54; Student, Armed Forces Staff College, 54-55; European Theatre 44-45, 
51-54; Chief, Dept Atomic Casualties Studies, Physiology and Pharmacology 
Division, 55-; Member Am. Med. Assn; New York, New Jersey Allergy Society ; 
American Acad of Allergy. Present title: Chief, Dept Atomic Casualties Studies, 
WRAIR, WRAMC, 

F. W. CHAMBERS, JR., CDR. MSC, USN 


Birth: September 25, 1911. 

1934: B. S. in electrical engineering, Georgia Institute of Technology. 

1947: Diplomate, American Board Radiology. 

1952: Assoc. Fellow, American College of Radiology. 

1957: M. S. in physiology, George Washington University. Member Radiation 
Research Society, New York Academy of Sciences, Society of Sigma Xi. One 
year graduate work in radiation physics under Dr. G. Gailla of the Radiological 
Research Laboratory, College of Physicians and Surgeons, Columbia University, 
N. Y., N. Y. Graduate courses in atomic and nuclear physics at Georgetown 
University. Professorship in clinical radiology, Medical College of Virginia, 
Richmond. Participated in several of the nuclear weapons tests. 

Present status: Head, Radiation Technology Division, Navy Medical Research 
Institute, Bethesda, Md. 
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SHERWOOD M. REICHARD 


Born: 1928, Easton, Pennsylvania; B. A. Lafayette College 1948; M. S. New 
York University Graduate School of Arts and Science 1950. Master’s thesis: 
The relation of the adrenal cortex to phagocytosis and metabolism of thorium 
dioxide in the rat. Ph. D. New York University Graduate School of Arts and 
Science 1955. Doctorate thesis: Hypophyseal-adrenal influences upon the 
phagocytic activity of the reticuloendothelial system. 

Teaching experience: 1950-53: Fellowship at New York University, Washing- 
ton Square College, instructing in general biology, histology, comparative anat- 
omy, and general physiology. 

Research 

1949-53: With Prof. Albert S. Gordon, NYU: endocrine influences upon the 
phagocytic incorporation of colloidal thorium by the reticuloendothelial system. 

1953-55: Fellowship at Brookhaven National Laboratory under auspices of 
Atomic Energy Commission, with Dr. Abraham Edelmann: hypophyseal-adrenal 
influences and x-radiation effects on phagocytosis of radioactive gold (Au) 
and thorium by the RES. 

1955 (May-Oct.) : (Interim position) : waiting for commission in Army). Re- 
search Associate, with Dr. Raymond Klein, Brookhaven: D-amino acid oxidase 
purification and extraction—inactivation by x-irradiation, its prevention by cer- 
tain aromatic acids 

1955-present: 1/Lt, U. S. Army, Armed Forces Institute of Pathology, Dept. 
of Radiobiology, Washington 25, D. C., with Col. Carl F. Tessmer. Radiation 
activation of tyrosinase, quantitation and correlation with pathological changes 
in skin (C™“ studies); tyrosinase activity in melanotic tumors; x-irradiation 
and phagocytosis of the RES; Reticulo-endothelial protection factors in trauma. 

Publications by Sherwood M. Reichard as follows: 

Papers 

Reichard, S. M., and A. 8. Gordon. Adrenal influences upon the distribution 
of injected colloidal thorium. Am. J. Physiol. 186: 63-66, 1956. 

Reichard, S. M., A. Edelmann, and A. 8. Gordon. Endocrine influences upon 
the uptake of colloidal thorium. J. Lab. Clin. Med. 48: 431-441, 1956. 

Reichard, S. M., A. Edelmann, and A. 8. Gordon. Adrenal and hypophyseal 
influences upon the uptake of radioactive gold (Au™) by the reticulo-endo- 
thelial system. Endocrinology 59: 55-68, 1956. 

teichard, S. M., A. Edelmann, and A. 8. Gordon. Endocrine influences upon 
the uptake of colloidal thorium by reticulo-endothelial organs. RES Bull. 2: 
34-39, 1958. 


Abstracts 


Reichard, S. M., and A. S. Gordon. Influence of cortisone upon phagocytosis 
in the spleen. Anat. Ree. 111: 558-559, 1951. 

Reichard, S. M., and A. 8. Gordon. The relation of the adrenal to the distri- 
bution of injected colloidal thorium dioxide. Anat. Ree. 118: 85, 1952. 

Reichard, S. M., A. Edelmann, and A. 8. Gordon. Endocrine influences upon 
the uptake of radioctive colloidal gold (Au™) by reticulo-endothelial organs. 
Fed. Proce. 15: 149, 1956. 


Reichard, S. M., A. Edelmann, and A. 8S. Gordon. Endocrine influences upon 
the uptake of colloidal thorium by reticulo-endothelial organs. Vith Inter- 


national Congress of the International Society of Hematology, 279-280, 1956. 
Papers in preparation 
Strain differences in the phagocytosis of colloidal radiogold. Effects of 
X-radiation upon the uptake of colloidal radiogold by the reticulo-endothelial 
system. 
WEBB HAYMAKER, M. D., M. SC. 


3irth: June 5, 1962, Washington, D. C. 
1920-22: College of Charleston, Charleston, 8. C. 
1922-23: Clemson College, Clemson, 8. C. 
1923-24 and 1925-28: Medical College of South Carolina, Charleston, 8. C. 
M. D.). 
1o3t os: University Wiirzburg, Germany, and University Vienna (Anatomy) 
1928-29: Resident in Pathology, Pennsylvania Hospital, Eighth and Spruce 
Streets, Philadelphia. 
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1929-31: Intern (rotating), Pennsylvania Hospital, Philadelphia. 

1931-82: Part time Henry Phipps Institute, Philadelphia (clinical and ex- 
perimental tbe. with Opie and Freund) ; part time Pennsylvania Hospital, 49th 
and Market Streets (nuropathology with Alpers). 

1932-33: Intern, American Hospital, Paris; part time Institute du Cancer, 
University Paris (with Roussy and Verne; tissue culture CNS). 

1953-84: Director of Laboratories, State Sanatorium, Wallum Lake, R. I. 

1934-35: Fellow in Neurology and Neurosurgery, Montreal Neurological In- 
stitute (with Penfield), McGill University (M. Sc.). 

1935-386: Clerk, National Hospital, London (with Carmichael) and Institute 
de Cancer, Madrid (with Hortega). 

1936-42: Assistant clinical professor neurology and lecturer in neuroanatomy, 
University of Californian, School of Medicine, San Francisco and Berkeley. 

1942-47: Lt. Col., M. C., AUS, Army Institute of Pathology, Washington, D. C. 
(Neuropathology). July 1, 1957: Retired, U. 8. Army Reserve Corps. 

1947- Chief, Neuropathology Section, Armed Forces Institute of Pathology, 
Washington, D. C. 

1946-57: Professorial Lecturer in Anatomy, George Washington University 
School of Medicine, Washington, D. C. (1957—Special Lecturer in Anatomy). 

1950: Associate Professor of Neurology, Georgetown University School of 
Medicine, Washington, D. C. 

Membership in honorary society: Alpha Omego Alpha (Medical College of 
South Carolina). 

Membership in societies: American Neurological Association, American As- 
sociation of Anatomists, American Association of Neuropathologists, American 
Association of Pathologists and Bacteriologists, American Academy of Neurology, 
Association of Military Surgeons of the United States, Association for Research 
in Nervous and Mental Disease, International Academy of Pathology, Vereini- 
gung Deutscher Neuropathologen (corresponding member) (1950), 38th Paral- 
lel Medical Society of Korea (charter member) (1951), Washington Academy of 
Sciences (1951), Gesellschaft zur Erforschung des Vegetativen Systems (Vienna) 
(1852), Sociedade de Neurologia do Rio de Janeiro (corresponding member) 
(1953), Société Francaise de Neurologie (membre d'honneur a titre etranger) 
(1953), Academy of Medicine of Washington, D. C. (1955), American Academy 
of Cerebral Palsy (1956). 

Oflices held: President, American Association of Neuropathologists, 1955-56; 
vice president, Il1Id International Congress of Neuropathology, Brussels, July 
1957. 

Iditorial assignments: Member, advisory board, Journal of Neuropathology 
and Experimental Neurology; member, editorial board, American Journal of 
Pathology. 

Accredited by the following specialty boards: National Board of Medical Ex- 
aminers, American Poard of Psychiatry and Neurology, Inc. (in neurology), 
American Board of Pathology (in neuropathology). 

Afliliations: Member, research advisory board, United Cerebral Palsy; assist- 
ant, American Board of Psychiatry and Neurology, Inc.; research collaborator, 
Medical Department, Brookhaven National Laboratory, Upton, Long Island, 
N. Y.; member, Committee on Pathologie Effects of Atomic Radiation (Chair- 
man: Shields Warren), National Academy of Sciences—National Research 
Council. 

Publications of Webb Haymaker are as follows: 

1. Haymaker, W.: Metaplasia in lymph nodes and spleen in case of myelo- 
genous leukemia. Bull. Ayer Clin. Lab. Pennsylvania Hosp. 2: 55-62. 1930. 

2. Catell, H. W., Cantarow, A., and Haymaker, W.: Progress in medicine, 
With special reference to diagnosis and treatment. Internat. Clin. 1: 154-267, 
1931. 

3. Haymaker, W., Ekhart, W., and Freund, J.: Results of examination of blood 
for tubercle bacilli by Liwenstein’s culture method. J. Infect. Dis. 51: 562-564, 
19382. 

4. Haymaker, W.: International frontiers of pain. Harpers, Nov. 1934. 

5. Haymaker, W.: Childbirth following thorocoplasty; report of case. J. 
Thoracic Surg. 3: 322-324, 1934. 

6. Alpers, b. J., and Haymaker, W.: Participation of nenroglia in formation 
of myelin in prenatal infantile brain. Brain 57: 195-205, 102 
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7. Karan, A. A., and Haymaker, W.: Giant excavation and emphysematous 
bulla mistaken for pneumothorax: report of 2 cases. Am. J. Roentgenol. 32: 
822-325, 1934. 

8. Haymaker, W., and Karan, A. A.: Giant saccular bulla of lung; report of 
case, with discussion of its formation. Am. Rev. Tuberc. 31: 240-249, 1935. 

9. Haymaker, W., and Sénchez-Pérez, J. M.: Rio-Hortega’s double silver im- 
ae technique adapted to staining of tissue cultures, Science 82: 355-356, 
1935. 

10. Haymaker, W.: Simplified technique for silver staining of tissue cultures. 
J. Tech. Methods and Bull. Internat. Assoc. Med. Museums 15:84, 1936. 

11, Anderson, E., and Haymaker, W.: Elaboration of hormones by pituitary 
cells growing in vitro. Proc. Soc. Exper. Biol. and Med. 33: 313-316, 1935. 

12. Haymaker, W.: The Pituitary Body: A Tissues Culture Study (Thesis, 
in partial fulfillment of M. Se. degree), Montreal Neurological Institute, Mon- 
treal, Canada, 1935. 

13. Haymaker, W., and Anderson, E.: Homoiografting of rat pituitary grown 
in vitro. J. Path. and Bact. 42: 399-410, 1936. 

14. Anderson, E., and Haymaker, W.: Prolonged survival of adrenalectomized 
rats treated with sera from Cushing’s disease. Science 86: 545-546, 1937. 

15. Haymaker, W., and Anderson, E.: The syndromes arising from hyperfunc- 
tion of adrenal cortex: adrenogenital and Cushing’s syndromes—a review. 
Internat. Clin. 4: 244-299, 1938. ; 

16. Anderson, E., and Haymaker, W.: Adrenal cortical hormone (cortin) in 
blood and urine of patients with Cushing’s disease. Proc. Soc. Exper. Biol. and 
Med. 388: 610-613, 1938. 

17. Anderson, E., Haymaker, W., and Joseph, M.: Hormone and electrolyte 
studies of patients with hyperadrenocortical syndrome (Cushing’s syndrome). 
Endocrinology 23: 398-402, 1938. 

18. Bing, R., and Haymaker, W.: Textbook of Nervous Diseases, ed. 5, pp. 1- 
&388, St. Louis, The C. V. Mosby Co., 1939. 

19. Bing, R., and Haymaker, W.: Compendium of Regional Diagnosis in Le- 
sions of the Brain and Spinal Cord, ed. 11, pp. 1-215, St. Louis, The C. V. Mosby 
Co., 1940. 

20. Haymaker, W., and Anderson, E.: Hypothalamus: present conceptions; 
functions and clinical syndromes of the hypothalamus. Internat. Clin. 2: 253- 
843, 1940. 

21. Haymaker, W., and Saunders, J. B. de C. M.: Hypothalamus: present con- 
ceptions; anatomy of the hypothalamus. Internat. Clin. 2: 226-252, 1940. 

22. Anderson, E., Haymaker, W., and Henderson, E.: Successful sublingual 
therapy in Addison’s disease. J. A. M. A. 115: 2167-2168, 1940. 

23. Anderson, E., and Haymaker, W.: Technic of sublingual administration of 
desoxycorticosterone acetate in treatment of Addison’s disease. Clinics 1: 476- 
480, 1942. 

24. Haymaker, W., and Smadel, J.: The Pathology of the Viral Encephalitides, 
pp. 1-63, Washington, D. C., Army Institute of Pathology, 1943. 

25. Gregory, J. E., Golden, A., and Haymaker, W.: Mucormycosis of the cen- 
tral nervous system. Report of 3 cases. Bull. Johns Hopkins Hosp. 73: 405- 
419, 1943. 

26. Haymaker, W. E., Neuberger, K. T., and Hurteau, W. W.: Atlas of Neuro- 
pathology, pp. 1-150, Washington, D. C., Army Institute of Pathology, 1944. 

27. Zarafonetis, C. J. D., Smadel, J. E., Adams, J. W., and Haymaker, W.: 
Fatal herpes simplex encephalitis in man. Am. J. Path. 20: 429-445, 1944. 

28. Anderson, E., and Haymaker, W.: Cushing’s syndrome. J. Nery. and 
Ment. Dis. 99: 511-520, 1944. 

29. Haymaker, W., and Foster, M. E., Jr.: Intracranial dural cyst. With 
report of case. J. Neurosurg. 1: 211-218, 1944. 

30. Haymaker, W. Fatal infections of the central nervous system and men- 
inges after tooth extraction. With an analysis of twenty-eight cases. Am. 
J. Orthodontics and Oral Surg. 381: 117-188, 1945. 

31. Haymaker, W.: Fatal intracranial complications of tooth extraction. 
Bull. U. S. Army Med. Dept., No. 88, May 1945. Pp. 57-58. 

32 Saunders, J. B. deC. M., and Haymaker, W.: Effects of sulfonamides on 
chick brain tissue cultivated in vitro. Proc. Soc, Exper. Biol. and Med. 59: 
806-309, 1945. 

33. Haymaker, W., and Woodhall, B.: Peripheral Nerve Injuries. Principles 
of Diagnosis, pp. 1-277, Philadelphia, W. B. Saunders Co., 1945. 
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84. Kuhlenbeck, H., and Haymaker, W.: Neuroectodermal tumors containing 
neoplastic neuronal elements: ganglioneuroma, spongioneuroblastoma and 
glioneuroma. With a clinicopathologic report of eleven cases, and a discussion 
of their origin and classification. Mil. Surgeon 99: 273-292, 1946. 

35. Haymaker, W., and Weil, A.: The distribution of the pathologic lesions of 
the central nervous system in scrub typhus (tsutsugamuchi disease). J. Neuro- 
path. and Exper. Neurol. 5: 271-284, 1946. 

36. Haymaker, W., Ginzler, A. M., and Ferguson, R. L.: The toxie effects of 
prolonged ingestion of DDT on dogs with special reference to lesions in the 
brain. Am. J. Med. Se. 212: 423-431, 1946. 

87. Malmud, N., Haymaker, W., and Custer, R. P.: Heat stroke. A clinico- 
pathologie study of 125 cases. Mil. Surgeon 99: 397-449, 1946. 

38. Kuhlenbeck, H., and Haymaker, W.: Neuroectodermal neoplasms of bor- 
derline dysplastic character. A survey of different types and their relationship 
to normal histogenesis. Anat. Rec. 97:35, 1947. 

39. Haymaker, W., Malamud, N., and Custer, R. P.: Heat stroke. A clinico- 
pathologic study of 125 fatal cases. J. Neuropath and Exper. Neurol. 6: 209-211, 
1947. 

40. Titrud, L. A., and Haymaker, W.: Cerebral anoxia from high altitude as- 
phyxiation. A clinicopathologie study of two fatal cases of unusually long sur- 
vival, and a clinical report of one nonfatal case. Arch. Neurol and Psychiat. 
57: 397-416, 1947. 

41. Sunderman, F. W., and Haymaker, W.: Hypothermia and elevated blood 
magnesium in a patient with facial hemangioma extending into the hypo- 
thalamus. Am. J. Med. Se. 213: 562-571, 1947. 

42. Haymaker, W., and Sabin, A. B.: Topographic distribution of lesions in 
central nervous system in Japanese B encephalitis. Nature of the lesions with 
report of a case on Okinawa. Arch. Neurol. and Psychiat. 57: 673-692, 1947. 

43. Malamud, N., and Haymaker, W.: Cranial trauma and extrapyramidal 
involvement: cerebral changes simulating those of anoxia. J. Neuropath and 
Exper. Neurol. (: 217-266, 1947. 

44. Haymaker, W.: The pathology of peripheral nerve injuries. Mil. Surgeon 
102: 448-459, 1948. 

45. Haymaker, W.: Guide to the Exhibit of the History of Neuropathology at 
the Annual Meetings of the American Psychiatric Association, Washington, 
D. C., May 17-20, and the American Neurological Association, Atlantic City, N. J., 
June 14-17, pp. 1-121, Washington, D. C. Army Institute of Pathology, 1948, 

46. Haymaker, W.: The pathology of herpes simplex encephalitis in man. Am. 
J. Path. (Proc.) 24: 712-713, 1948. 

47. Lewis, R. B., and Haymaker, W.: High altitude hypoxia. Autopsy observa- 
tions in seventy-five fatal cases and an analysis of the causes of the hypoxia. 
Project 513, Rep. 1, Air Univ. School of Aviation Med., Randolph Field, Texas, 
pp. 1-34, April, 1948. 

48. Anderson, E., and Haymaker, W.: Influence of the hypothalamus on 
sexual functions. J. Am. Med. Women’s Ass’n, 3: 402-406 et seq., 1948. 

49. Lewis, R. B., and Haymaker, W.: High altitude hypoxia. Observations at 
autopsy in seventy-five cases and an analysis of the causes of the hypoxia. J. 
Aviation Med. 19: 306-336, 1948. 

50. Anderson, E., and Haymaker, W.: Glucose tolerance in decerebrated rats 
after relatively long survival. Proc. Soe. Exper. Biol. and Med. 70: 86-90, 1949. 

51. Kuhlenbeck, H., and Haymaker, W.: The derivatives of the hypothalamus 
in the human brain. Anat. Rec. 103: 131, 1949. 

52. Haymaker, W., and Kernohan, J. W.: The Landry-Guillain-Barré syn- 
drome. <A clinicopathologic study of 50 cases. Medicine 28: 59-141, 1949. 

53. Haymaker, W.: Herpes simplex encephalitis in man. With a report of 
three cases. J. Neuropath. and Exper. Neurol. 8: 132-154, 1949. 

54. Kuhlenbeck, H., and Haymaker, W.: The derivatives of the hypothalamus 
in the human brain; their relation to the extrapyramidal and autonomic system. 
Mil. Surgeon 105: 26-52, 1949. 

55. Liken, A. C., and Haymaker, W.: Pamaquine poisoning in man, with a 
clinicopathologie study of one case. Am. J. Tropical Med. 29 : 341-352, 1949. 

56. Wolfe, E. W., Butler, G. M., and Haymaker, W.: Art and artifice in his- 
tologic science, by Pio del Rio-Hortega., (A translation of Arte y artificio de la 
ciencia histologica. In Residencia, Revista de la Residencia de Estudiantes, 
Madrid, 4: 191-206, 1933). Texas Rep. Biol. & Med. 7: 363-390, 1949. 
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57. Loken, A. C., Haymaker, W., and Paulson, D. L.: Stab wound of the heart 
followed by temporary cessation of the heartbeat with resuscitation by cardiac 
massage. Surgery 26: 745-755, 1949. 

58. Anderson, E., and Haymaker, W.: Studies in carbohydrate metabolism in 
decerebrated rats. Proc. Am. Diabetes Ass’n. 9: 3-5, 1949. 

59. Haymaker, W., and Davison, C.: Fatalities resulting from exposure to 
simulated high altitudes in decompression chambers. A clinicopathologic study 
of five cases. J. Neuropath. & Exper. Neurol. 9: 29-59, 1950. 

60. Anderson, E., Haymaker, W., and Rappaport, H.: Seminiferous tubule 
failure associated with degenerative changes in the hypothalamus. A clinico- 
pathologic report of a case of reactive gliosis of the floor of the third ventricle, 
Am. Practitioner & Digest of Treatment 1: 40-45, 1950. 

61. Malamud, N., Haymaker, W., and Pinkerton, H.: Inclusion encephalitis. 
With a clinicopathologic report of three cases. Am. J. Path. 26: 133-153, 1950. 

62. Tompkins, V. N., Haymaker, W., and Campbell, E. H.: Metastatic pineal 
tumors. A clinicopathologic report of two cases. J. Neurosurg. 7: 159-169, 1950. 

63. Kuhlenbeck, H., and Haymaker, W.: Observations on the anatomical mech- 
anism of hydrocephalus in tuberculous meningitis. Anat. Rec. 106: 45-46, 1950. 

64. Haymaker, W.: Cécile and Oskar Vogt. On the occasion of her 75th and his 
80th birthday. Neurology 1: 179-218, 1951. 

65. Bischoff, H. W., Leyva, F. R., Rice, E. C., and Haymaker, W.: Brain abscess 
as a complication of tonsillectomy and adenoidectomy. With a clinicopathologic 
report of three fatal cases. Med. Ann. District of Columbia 20: 429-434, 1951. 

66. Schut, J. W., and Haymaker, W.: Hereditary ataxia: a pathologic study of 
five cases of common ancestry. J. Neuropath. & Clin. Neurol. 1: 183-213, 1951. 

67. Haymaker, W., Ginzler, A. M., and Ferguson, R. L.: Residual neuropatho- 
logical effects of cyanide poisoning. A study of the central nervous system of 
23 dogs exposed to cyanide compounds. Mil. Surgeon 1117: 231-246, 1952. 

68. Anderson, E., Rioch, D. McK., and Haymaker, W.: Disturbances in blood 
sugar regulation in animals subjected to transection of the brain stem. Acta 
Neurovegetativa 5: 132-164, 1952. 

69. Utterback, R. A., and Haymaker, W.: Fatal complications from the use of 
diodrast for cerebral and thyroid angiography. A clinico-pathological report of 
four cases. J. Nerv. & Ment. Dis. 116: 739-759, 1952. 

70. Haymaker, W. (ed) : Neurological Problems in the World in 1953, pp. 1-646, 
New York, J. Nerv. & Ment. Dis., Dec. 1952. 

71. Sanders, M., Blumberg, A., and Haymaker, W.: Polyradiculoneuropathy 
in man produced by St. Louis encephalitis virus (SLE). Southern Med. J. 46: 
606-608, 1953. 

72. Haymaker, W. (ed): The Founders of Neurology. One Hundred and 
Thirty-three Biographical Sketches. By Highty-four Authors, pp. 1-435, Spring- 
field, Ill., Charles C Thomas, 1953. 

73. Anderson, E., Knowlton, K., Rioch, D. McK., and Haymaker, W.: Metabolic 
and electrolyte changes in dogs and rats following transection of the brain stem 
at retro-thalamic levels. Acta neuroveg. Suppl., vol. 7, 1953. 

74. Haymaker, W., and Woodhall, B.: Peripheral Nerve Injuries. Principles 
of Diagnosis, pp. 1-319, ed. 2, Philadelphia, W. B. Saunders Company, 1953. 

75. Noad, K. B., and Haymaker, W.: The neurological features of tsutsuga- 
mushi fever, with special reference to deafness. Brain 76: 113-131, 1953. 

76. Kaplan, S. J., Langham, W. H., Pickering, J. E., Lushbaugh, C. C., Hay- 
maker, W., Storer, J. B., and Harris, P. S.: The effect of rapid massive doses of 
gamma radiation on the behavior of subhuman primates. USAF School of 
Aviation Med., Randolph Field, Texas, Project No. 21-3501-0005, Rep. No. 12, 
1-31, No. 1953. (Restricted Data.) 

77. Haymaker, W., Girdany, B. R., Stephens, J., Lillie, R. D., and Fetterman, 
G. H.: Cerebral involvement with advanced periventricular calcification in gen- 
eralized cytomegalic inclusion disease in the newborn. A clinicopathologic re- 
port of a case diagnosed during life. J. Neuropath. & Exper. Neurol. 13: 
562-586, 1954. 

78. Haymaker, W., Vogel, F. S., Cammermeyer, J., Laqueur, G. L., and Nauta, 
W. J. H.: Effects of high energy total-body gamma irradiation on the brain 
and pituitary gland of monkeys. Am. J. Clin. Path., Proc. 24: 70, 1954. 

79. Anderson, E., Knowlton, K., Laqueur, G. L., Rioch, D. McK., Haymaker, 
W., and Spence, W. T.: The influence of the central nervous system on carbo- 
hydrate and protein metabolism. Acta neuroveg. 9: 71-78, 1954. 

80. Haymaker, W., and Anderson, E.: Disorders of the hypothalamus and 
pituitary gland. In Baker, A. B. (ed), Clinical Neurology, chap. 21, pp. 1160- 
1215, New York, Hoeber, 1955. 
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81. Haymaker, W., and Kuhlenbeck, H.: Diseases of the brain stem and its 
cranial nerves. In Baker, A. B. (ed), Clinical Neurology, chap. 23, pp. 1260- 
1324, New York, Hoeber, 1955. 

82. Pirani, C. L., Sriramachari, S., and Haymaker, W.: The effect of traumatic 
injury of the brain in vitamin C deficient guinea pigs. 9937 Technical Unit, 
Med. Nutrition Lab. U. 5. Army, Fitzsimons Army Hosp, Report No. 158, 
81 March 1955, 

83. Haymaker, W., Sather, G. E., and Hammon, W. McD.: Accidental Russian 
spring-summer viral encephalitis. Cases occurring in two laboratory workers, 
one fatal, with postmortem study. Arch. Neurol. & Psychiat. 73: 609-630, 1955. 

84. Haymaker, W.: The nervous system. In Karsner, H. T.: Human Pathol- 
ogy, ed. 8, chap. 22, pp. 823-906, Philadelphia, Lippincott, 1955. 

85>. Haymaker, W., and Johnston, A. D.: Pathology of decompression sick- 
ness. A comparison of the lesions in airmen and those in caisson workers 
and divers. Mil. Med. 117: 285-306, 1955. 

86. Anderson, I., Knowlton, K., Spence, W. T., McCann, S. M., Laqueur, G. L., 
Rioch. D. McK., and Haymaker, W.: The influence of the central nervous sys- 
tem on metabolism and endocrine activity as based on transection of the brain 
stem in dogs. Nitrogen and electrolyte balance adrenalin steroid excretion, 
carbohydrate metabolism, and creatine and creatinine excretion. Acta neuroveg. 
12: 53-94, 1955. 

87. Sriramachari, S., Pirani, C. L., and Haymaker, W.: The effect of trau- 
matie injury on the brain of vitamin-C-deficient guinea pigs. Am. J. Path. 32: 
131-189, 1956. 

88. Haymaker, W., Johnston, A. D., and Downey, V. M.: Fatal decompression 
sickness during jet aircraft flight. A clinicopathological study of two cases. 
J. Aviation Med. 27: 2-17, 1956. 

&. Haymaker, W.: Bing’s Local Diagnosis in Neurological Diseases. Revised 
and Enlarged from the Fourteenth German Edition, pp. 1-478, St. Louis, Mosby, 
1956. 

90. Courville, C. B., Moyar, J. B., Eberlin, E. W., and Haymaker, W.: Fungus 
cerebri as a complication of missile wounds of the brain. Some comments on its 
history and pathogenesis with report of case. Mil. Med. 118: 473-487, 1956. 

91. Janssen, P., van Bogaert, L., and Haymaker, W.: Pathology of the periph- 
eral nervous system in African trypanosomiasis. J. Neuropath. & Exper. Neurol. 
15: 269-287, 1956. 

92. Haymaker, W.: Effects of irradiation of the nervous system. In Report 
of the Committee on Pathologie Effects of Atomie Radiation, from a Study of 
the Biological Effects of Atomie Radiation. Publication 452, National Academy 
of Sciences, National Research Council, Washington, D. C., pp. V-5—V-67, 1956. 

93. Ziskind, E., and Haymaker, W.: Sensory jacksonian epilepsy pointing to 
ipsilateral facial innervation in the cortex. Proc. Am. Neurol. Assn. 80; 230-232, 
1956. 

94. Haymaker, W.: Operation stratomouse. Military Med. 119: 151-171, 1956. 

95. Haymaker, W.: Robert Paul Bing (1878-1956). Arch. Neurol. & Psychiat. 
76: 508-510, 1956. 

96. Tomlinson, J. C., and Haymaker, W.: Jean-Martin Charcot (1825-1893). 
Arch. Neurol. & Psychiat. 77: 44-47, 1957. 

97. Haymaker, W.: Robert Paul Bing (1878-1956). Trans. Am. Neurol. Assn., 
vol. 81, 1957. 

98. Haymaker, W.: Decompression sickness. Jn Henke, F., Lubarsch, O., and 
Rissle, R.: Handbuch der speziellen pathologischen Anatomie und Histologie, 
vol. 13, ed. by W. Scholz, part 1, Minchen, Springer, 1957; pp. 1600-1672. 

99. Hlaymaker, W., and Strughold, H.: Atmospheric hypoxidosis. In Henke, 
F., Lubarsch, O., and Rdéssle, R.: Handbuch der speziellen pathologischen Ana- 
tomie und Histologie, vol. 13, ed. by W. Scholz, part 1, Munchen, Springer, 1957; 
pp. 1600-1672. 

In press or submitted for publication: 

Haymaker, W.: Robert Wartenberg, neurologist and self-ordained critic. In 
press, Science. 

Cammermeyer, J., and Haymaker, W.: Response of alkaline glycerophos- 
phatase in the macaque brain to cobalt” (gamma) irradiation. In press, J. 
Neuropath. & Exper. Neurol. 

Vogel, F. S., Hoak, C. G., Sloper, J. C., and Haymaker, W.: The induction 
of acute morphological changes in the central nervous system and pituitary 
body of macaque monkeys by cobalt” (gamma) radiation. In press, J. Neuro- 
path. & Exper. Neurol. 
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Shiraki, H., Uchimura, Y., Matsuoka, S., Miyake, M., Takeya, S., Tamagawa, 
C., Koyano, K., Amano, S8., Araki, M., Ayres, W. W., and Haymaker, W.: Joint 
Report. Effects of atomic radiation on the brain in man. A study of the 
brains of 48 Hiroshima and Nagasaki casualties. In press, J. Neuropath. & 
Exper. Neurol. 

Haymaker, W., Laqueur, G., Nautan, W. J. H., Pickering, J. E., Sloper, J. C., 
and Vogel, F. S.: The effects of barium™“—lanthanum™ (gamma) radiation 
on the central nervous system and pituitary gland of macaque monkeys. A 
study of 67 brains and 77 pituitary glands. In press, J. Neuropath. & Exper. 
Neurol. 

Knowlton, K., Spence, W. T., Rioch, D. McK., Haymaker, W., Laskey, A., 
Kedda, L., Bahn, R., and Anderson, E.: Metabolic changes following transection 
of the spinal cord in dogs. In press, Acta Neurovegetativa. 

Anderson, E., Bates, R. W., Hawthorne, E., Haymaker, W., Knowlton, K., 
Rioch, D. McK., Spence, W. T., and Wilson, H.: The effects of midbrain and 
spinal cord transection on endocrine and metabolic functions. In press, Ciba 
Symposium, Recent Progress in Hormone Research, vol. 13. 

Haymaker, W., Pentschew A., Margolis, C., and Bingham, W. G.: Occurrence 
of lesions in the temporal lobe in the absence of convulsive seizures. With 
especial reference to the hippocampus, amygdala, and anterior perforated sub- 
stance. In press in: Temporal Lobe Epilepsy, Springfield, Illinois, Charles ©, 
Thomas. 

Yenermen, M. H., Bowerman, C. I., and Haymaker, W.: Colloid cyst of the 
third ventricle. A clinical study of 54 cases in the light of previous publica- 
tions. Submitted to Acta Neurovegetativa. 

Nelson, E., and Haymaker, W.: Colloid cyst of the third ventricle: its bearing 
in aviation medicine. Submitted to J. Aviation Med. 

Nelson, E., Lindstrom, P., and Haymaker, W.: Pathological effects of ultra- 
sound on the human brain. A study of 25 cases in which ultrasonic radiation 
was used as a lobotomizing procedure. To be submitted to Arch. Neurol. & 
Psychiat. 


Representative Hotirretp. Our next witness is Dr. Austin M. Brues, 
of the Argonne National Laboratory, director of the Biological and 
Medical Research Division since 1946, and delegate to the U. N. Radia- 
tion Committee. 

All right, Dr. Brues. 


STATEMENT OF DR. AUSTIN BRUES, DIRECTOR, BIOLOGICAL AND 
MEDICAL RESEARCH DIVISION, ARGONNE NATIONAL LABORA- 
TORY * 


Dr. Brurs. Thank you, Mr. Chairman. 


I do have a short prepared statement which I intend to read in its 
entirety. 


1 April 25, 1906. A B. Harvard University 1926; M. D. Harvard Medical School 1930, 
Med. Resident, Huntington Mem., Hosp., Boston, Mass., 1930-31; House Officer, Mass. 
Gen. Hosp., Boston, Mass., 1931-32; Asst. in Med., Harvard Med. Schl., Boston, Mass., 
1952-34; Grad. Asst., Mass. Gen. Hosp., ibid., 1932-34; Asst. Phys., Huntington Mem. 
Hosp.. ibid., 1932-37; Rsch. Fellow in Med., Harvard Med. Schl., ibid., 1934-35; Instr, 
and Tutor in Biochem, Sci., Harvard Coll., ibid., 1934-42: Moseley Traveling Fellow, 
Harvard Univ. and Royal Cancer Hosp., London, England, 1935-36; Grad. Asst., Peter 
Bent Brigham Hosp., Boston, Mass., 1936-37; Instr. in Med., Harvard Med. School, ibid., 
1936-87 ; Assoc. Phys., Huntington Mem. Hosp., ibid., 1937-41; Assoc. in Med., Harvard 
Med. Coll., ibid., 1987-42; Ward Visit, Boston City Hosp., ibid., 1988-39; Freshman 
Advisor, Harvard Coll., ibid., 1939-42; Jr. Assoc., Peter Bent Brigham Hosp., ibid., 
1940-41 ; Intern, Army Induction Center, ibid., 1940-44; Assoc. Phys., Peter Bent Brigham 
Hosp., ibid., 1941-42; Responsible Investigator, Office of Sci. Rsch. and Develop., ibid., 
1941-44; Asst. Prof. of Med., Harvard Med. Schl., ibid., 1942-45; Asst. Phys., Mass. 
Gen. Hosp., ibid., 1942-45; Sr. Biol., Metallurgical Lab., Univ. of Chicago, Chicago, II1., 
1944-46: Assoc. Prof. of Med., Dept. of Med. and Inst. of Radiobiol. and Bio yhysics, 
ibid., 1945-52; Prof., 1952—; Sr. Biol. and Dir., Biol. Div., Argonne Nat’l. Lab., Lemont, 
Ill, 1946-50: Sr. Biol. and Dir., Div. ef Biol. and Med. Rsch., ibid., 1950—. American 
Assoc. of Anatomists: A. A. A. S.: Amer. Assn. for Cancer Rsch, (Pres. 1954-55) : Amer- 
Physiol. Soc.; Amer. Soc. for Clin. Investigation; Assn. for Study of Internal Secretions; 
Assn. of Amer. Phys,; Cent. Soc. for Clin. Rsch.; Inst. of Med. of Chicago; Soc. for Cell 
Biol.; Soc. of Exptl. Biol. and Med.; Tissue Culture Assn.; Radiation Rsch. Soc. (Pres. 
1955-56). Member of United Nations Scientific Committee on the Effects of Atomie¢ 
Radiation. (Submitted by witness.) 
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Representative Houtrievp. All right. 

Dr. Brours. I want to speak chiefly concerning the philosophy of 
setting and determining the permissible levels which Dr. Taylor spoke 
of earlier this morning, and what the true basis of our understanding 
of these is. 

The presently accepted safe levels of radiation and of radioisotope 
incorporation are based on a long history of clinical observation and 
experimental research. These levels have been determined on the 
basis of making the most pessimistic assumptions where knowledge 
is lacking and then introducing a factor of safety. 

Where direct observations on human beings or suitable animals 
have been at hand, the practice has been to divide those levels which 

roduce any detectable effects by 10 to arrive at a permissible level. 

t was on this basis that the permissible daily X-ray exposure of 0.2 
roentgen to the whole body was reduced many years ago to 0.1 roentgen, 
and then, as a result of some further work which was done during 
the Manhattan District days, particularly having to do with the pro- 
duction of sperm in dogs given one-half roentgen a day, which showed 
dogs had some changes in the rate at which they produced a sperm, 
it was considered one-twentieth of a roentgen a day would be a safer 
dose. 

The question then came up as to whether these levels had to be ad- 
hered to each day or whether one might not receive a week’s dosage on 
Monday morning without any further effect than that incurred by 
spreading it through the week. While an acutely dangerous dose of 
radiation—say 500 roentgens—is less toxic if spread out over a week 
owing to the rapid recovery of the blood-forming tissues, there seemed 
to be good experimental evidence that the late consequences of low 
doses were rather independent of time, and so three-tenths of a roent- 
gen per week was accepted. It seems quite likely that the whole 
yearly quota of 15 roentgens—which in itself produce no obvious 
effects—might as well be incurred on a single day, but three-tenths 
per week appears to be more practical, except for special cases such 
as might arise under civilian defense conditions, where a calculated 
risk might be acceptable. 

That sort of thing has also been allowed for. 

Ingestion or inhalation of radioactive substances presents a different 
problem. ‘These sources of radiation may become concentrated in 
certain tissues and organs, and the greater part of the radiation energy, 
depending on type, may be given locally. The most striking example 
of this is the concentration of radioactive iodine in the thyroid gland, 
where half of the dose may be deposited in one one-thousandth of the 
body. We do not, unfortunately, for purposes of cancer treatment, 
know of any other such striking case of an extreme localization. 

‘There have been two ways of solving this question. One has been 
to calculate the radiation dose in the “critical organ,” that is, the 
organ with the highest radioactive concentration, and then to set 
levels of exposure such that the equivalent of three-tenths roentgen a 
week will not be exceeded. The other has been—and this is used 
where the bony tissues receive the highest dose—to compare the pos- 
sible damage with that produced by radium in the human skeleton, 
since we have knowledge derived directly from the histories of per- 
sons who have been poisoned by radium through industrial exposure 
in the watch dial painting business or through administration of 
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radium as a drug in the days, 25 to 30 years ago, when it was thought 
that radium might be beneficial in certain conditions for which there 
was no known effective treatment. 

Since no damage had been observed in patients who retained less 
than 1 microcurie of radium in the skeleton, about the amount in a 
radioactive watch, this was again divided by 10 and one-tenth micro- 
curie Was established as a permissible amount of radium. To this 
day, no detrimental effects have been seen in persons containing this 
amount of radium. 

Since the preparations used to paint luminous watch dials and for 
some meclical uses contained considerable amounts of other radioactive 
elements—specifically mesothorium—it has been suggested that pure 
radium may be less toxic than indicated here. This point is not set- 
tled, and a search is being made for other persons who may contain 
abnormal amounts of radium in order to improve our knowledge. In 
particular, it is becoming clear that a good number of persons may 
harbor more than 1 microcurie without detectable harm of any sort, 
and that the proportion who do suffer for a given amount is lower 
than was believed. 

Since the first cases seen, and the majority, were found out because 
they had complaints which directed the attention of physicians to 
them, we see a selected group of people who met with the worst result; 
the well ones are much less likely to come to our attention. 

This, again, I think, introduces somewhat a factor of safety in the 
question of how much radium is likely to produce serious effects on 
the human being. 

These radium levels have been transferred to other radioactive ma- 
terials as a result of comparing effects of radium on animals against 
those of plutonium or radioactive strontium. Plutonium turns out to 
be somewhat more toxic than would be expected from physical calcu- 
lations of the radiation to bone, and this is apparently because plutoni- 
um is deposited near those cells which are active in bone growth. 

Radioactive strontium 90 has been determined to be one-tenth or 
less as likely to produce bone tumors as radium for a given number of 
microcuries. On this basis, 1 microcurie of strontium 90 is considered 
as the equivalent of one-tenth microcurie of radium and, therefore, is 
designated as the maximum permissible level. 

These levels were employed very successfully in the atomic-bomb 
project during wartime. Most of the workers remained very far below 
the permissible levels. 

If you set up a level which is not to be exceeded, it happens, adminis- 
tratively, that things work out so that people get very much less. 

There is the story of one individual on the project who attempted to 
receive his 10th roentgen per day because that is what he thought 
he was supposed to do. But, in general, nothing like this happened. 

For practical purposes it is necessary to determine many more 
things than just the safe level of body content. We must also trans- 
late this into the amount which can safely exist in the air breathed 
and in the food and water ingested, in order to regulate these concen- 
trations at a level which will not permit an excessive load to exist in 
the body. These are, then, the MPC’s, or maximum permissible con- 
centrations. This means we must use our best information as to how 
much is retained in the body from inhalation and from the digestive 
tract, and how fast it is lost from the body by excretory processes. 
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Many of these things have to be decided upon before the enormous 
amount of ae work required for an exact answer can be 
carried out. There is no time here to discuss all this, but I can say 
that those committees shouldered with responsibility for such decisions 
always use the strictest possible assumptions, and, since several sepa- 
rate assumptions must be made—for example, how much in the air 
gets into the lung, how much in the lung is kept there until it gets into 
the circulation, how much of that is deposited, and how fast it is lost 
from the organ—as well as the relative effects of types of radiations 
from different elements, each of these considered in the worst light, 
wo end up by multiplying a number of different factors of safety and 
are almost certain to come out with a level much lower than the 
correct one. 

To give a few examples: 

When tritium was first under consideration, it was noted that it has 
a remarkably short-range beta radiation, and nothing like it had been 
studied experimentally. So a factor of safety of 10 was introduced 
until it was shown that it acts about the same as the more familiar 
radiations, when this factor could be thrown out. Similarly, the 
strontium and radium levels were based on an early assumpion that 
they are lost from the bone according to a very slow process, which 
was measured on patients and animals a long time after its acquisition. 
This led to very low levels being recommended in water. It has since 
become known that loss oceurs very rapidly at first, so that it requires 
about 10 times as much taken in to maintain a given level. The MPC’s 
in this case have not yet been changed until complete study of the 
problem can be made, although the evidence is now fairly clear. 

In another instance, a stringent level of radium in water was sug- 
gested unoflicially, and we found that it was actually less than that in 
the drinking water of our laboratory. Had this been adopted, we 
would have been required to distill our own domestic supply before 
we could be permitted to let it flow off the grounds. 

Of course, radioactive materials, as you have probably heard in the 
last few days, because of their special nature and the degree of develop- 
ment of our Mmstrumentation, can be detected in relatively much 
smaller amounts than almost any other toxic material. This may be a 
large part of the reason for the disproportionate public concern about 
radioactivity relative to other noxious things. 

As you are aware, there has been a general lowering of levels re- 
cently, since artifically produced radioactivity has become wider in 
its scope. 

Here, we have to keep two things quite distinct. First is the problem 
of genetic effects, which will be discussed by others. The special fea- 
tures of these is that they seem to be produced without threshold: 
that is, any small amount of radiation will produce its proportion of 
changed genes; and that almost all of these are hidden and are per- 
petuated through generations till they come together accidental] 
through interbreeding. Thus, very stringent levels are recommended, 
but they do not refer to any individual but to the whole population; 
thus an average figure for the whole population is all that is to be 
looked for. 

The other is concerned with the matter that we must not only con- 
sider, as was the basis of the original levels, a selected group of in- 
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dustrially exposed persons, but also many persons outside this group 
who might be close to installations where exposures could occur, 

One asks, of course, why if a level is safe for one group, it is not for 
another. There are several reasons for this, none complete in itself. 
One is that the occupationally exposed group are selected, do their 
work voluntarily, are under medical control and are monitored. An- 
other is that persons not in the atomic energy business may be in other 
fields of work which have their own peculiar hazards. Still another 
may be that there are more chances for an overexposure to occur. So 
that we might set the levels so that a considerable “overexposure,” on 
that basis, would still not be an overexposure in the sense that it get to 
a level which would be within the potential danger zone. For these 
and other reasons, in one sense or another philosophical, we have 
adopted another safety factor of 10, 

Mr. Ramey. On our last point there, about your safety factor of 10 
with respect to strontium 90, would the fact it applies mostly to the 
takeup of strontium 90 as it affects persons that 1t would be more as - 
it applies to children, and therefore a lower factor when you go from 
an occupational group to a population group to take into account 
the bone-forming period ? 

Dr. Brurs. Well, this question has been raised. Actually I do not 
know of evidence that the skeleton of the child is more sensitive, except 
with respect to the fact that if one starts as a child and continues to 
an adult, he puts more of the material away. This, I think, has al- 
ready been taken into consideration. We could still have more evi- 
Gence on this, but data I have seen does not suggest the child at these 
low levels, where not stunting his growth, is going to show any more 
results than certain total amounts for others. 

Representative Horirtevp. It is a fact that the bones of a child are 
growing and accumulating more cells at a faster rate of cell growth 
than the adult, is he not ? 

Dr. Brurs. That is true, yes; and on a given intake level, a larger 
total will be evident. 

Another consideration which has led to extra safety is that of the 
fluctuating level of exposure. Where we have set conditions for ex- 
yosure to external radiation we have allowed for such fluctuations. 

t seems equally reasonable for the level to say, radioactive strontium 
in water to exceed the MPC by 7 times 1 day a week; or for the point 
of disposal in a highly polluted river to exceed the MPC so long as it 
is diluted out before it reaches a point where it would conceivably be 
ingested—remembering also, that the MPC is based on the assumption 
of continuous intake for a lifetime. ‘The same situation applies to 
shifting winds around a stack. For exadministrative reasons, it is 
therefore highly likely that conditions will be set which are much more 
stringent than those leading to a maximum possible concentration in 
personnel, It is most important to remember that that is what we 
are really concerned with, and that no legal culpability should be in- 
volved in an occasional fluctuation in the environment above that 
which would be one-tenth or one-hundredth of a dangerous level but 
enly if it were kept up indefinitely. 

The whole basis of the concept of a permissible amount, or level, 
by the way, rests on the assumption that there is a threshold; that is, 
that no harm will be done by smaller amounts. In genetics, we have 
reason to doubt that there is a threshold at all, so that the total popula- 
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tion average of exposure is set so low that it falls close to the natural 
variations in the natural radiation background. 

Where the question is applied to other effects of radiation, such as 
longevity or cancer, we do not know whether they have thresholds or 
not. It has been suggested that they do not, but on the basis of very 
scanty evidence so far, and in no case is there information much below 
100 r; and there are also good reasons from what we know about the 
nature of cancer to suspect that the hazard goes down faster than the 
insulating agent. An animal experiment to guarantee the existence of 
a human threshold below suggested off-site MPC’s would be a prodigi- 
ous undertaking and would drain off much of our talent from work 
which is really more basic to the problem. It would, moreover, de- 
tract both talent and public attention from problems of the same sort 
that seem, to me at least, as urgent. 

For instance, millions of Americans now living will die of cancer of 
the lung due to something in the environment that we did not have a 
few decades ago. I once made a calculation by exactly the same means 
as are used in the calculations of MPC’s, comparing lung cancer with 
radium cancer, and derived an MPC—occupational criteria—of 2.4 
cigarettes a day. An off-site MPC would be 1 every 4 days. The only 
assumption made here was that cigarettes are the causative agent. If 
it is city smoke, this would have to be reduced in a similar proportion 
before the criteria used in determining permissible levels of radio- 
active substances would find it allowable. 

Senator Anperson. What year would become a basis for this new 
item which has come into the picture? You say something about 
decades. How far back? 

Dr. Brvurs. These figures, of course, vary from place to place, and 
they have been coming up more slowly in the female than in the male. 
But in general there has been at least a tenfold increase in lung cancer 
since 1900, in the rates for age since 1910 up to the decade 1940-50. 
This is apparently still rising at a considerable rate, and, as I say, 
people are very much concerned about this problem. 

Senator Anperson. Particularly with all the millions of dollars we 
are spending on cancer research. The more we study it, the worse it 
appears to get. 

Dr. Brurs. This may be repeating my colleague slightly, but I will 
mention it again. 

If we are to settle the question of threshold satisfactorily, I would 
say that we should carry out expanded studies on large populations of 
animals, but not rely on this to the extent of reducing the amount of 
basic work which will probably lead us sooner to a clear answer. I 
refer to many things, but chiefly studies on the nature and origin of 
cancer, the effects of radiation on cells, the nature of the aging proc- 
ess—for example, why a mouse lives little more than four score weeks 
and ten—and broad studies of medical and population statistics in 
relation to natural radiation. 

Along with this are the whole unexplored fields within the medical 
and biological sciences, any one of which might turn out to be crucial 
to the radiation problem; recruiting and training good talent; and 
communication of scientific research findings. 

As one who sits on various committees to discuss and, we hope, solve 
these problems, I am also impressed with the danger that more and 
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more of the best talent and time for the imaginative approach to these 
questions may be drawn away from the work and thought that they 
ought to be producing, into more and more debate over the same scanty 
knowledge. 

May I just conclude with what might be a scientific parable, by point- 
ing up the potential difficulties of the whole problem from an experi- 
ment done by the late Dr. Egon Lorenz. 

Dr. Lorenz carried out the lowest-level experiment in chronic irradi- 
ation that has been done, giving mice a little over 0.1 roentgen daily 
throughout their life. He found, and thus confirmed an ear lier experl- 
ment, that the irradiated mice developed more leukemias than those 
that were not irradiated, but that their average life span was almost 
10 percent longer. 

What a mouse would do in this case if he had a free choice, I am not 
sure. 

Representative Horrrrerp. Thank you very much, Dr. Brues, for 
your illuminating discussion. 

Are there any questions? 

Senator Bricker. You would not want to conclude from that, if a 
human being was given 1 roentgen a day for his life, he would live 
10 percent longer, would you, Dr. Brues? 

Dr. Brurs. No, sir. Part of the parable was to say that I do not 
like to extrapolate animal experiments to man until they have reached 
a fairly good degree of ramification. 

Senator Bricker. I would not want to give him his free choice in 
that case. 

Representative Horrrterp. The chart that Dr. Friedell gave in his 
statement showed that a lethal dose of 50 percent would apply to 
dogs, 350 roentgens; mice, 450 roentgens; monkeys, 500 roentgens. So 
that seems to be the nearest reaction as between your permissible dose 
of 400 roentgens to animals you are experimenting on. Is that right? 

Dr. Brurs. That is right. 

We do not know that the acute results run into the same proportions 
as late chronic effects. 

Representative Horirrerp. There must have been some reason why 
they were in the same dose range, rather than rabbits, at 800, bacteria 
at 100,000 roentgens. 

Dr. Brurs. The mammals do run, as far as acute kill goes, between 
perhaps 300 and 900. There is that degree of varie ition between the 
species, and this is just the amount that will kill them in a couple 

of weeks. 

Representative Hortrrerp. But you draw no parallel between set- 
ting the lethal dose of roentgens for man in that category ? 

Dr. Brurs. I would be afraid to. 

Representative Hortrmxp. Are there any further questions? 

Thank you very much. 

We will adjourn now until 2 o'clock, when we will have Dr. E. P. 
Cronkite, Dr. Edward Lewis, and Dr. Shields Warren as our witnesses 
this afternoon. 

(Whereupon, at 12:45 p. m., the committee was recessed, to re- 
convene at 2 p. m., of the same day.) 
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AFTERNOON SESSION 


Representative Horirreip. The committee will be in order. 

Our first witness this afternoon is Dr. Eugene Cronkite of the 
Brookhaven National Laboratory. He is a senior physician there. 

At this time we will be glad to have your testimony, Doctor 
Cronkite. 

I understand that your testimony will take up the subject of the 
effect on the Marshallese Islanders this afternoon. 


STATEMENT OF DR. EUGENE P. CRONKITE, BROOKHAVEN 
NATIONAL LABORATORY? 


Dr. Cronxrre. That is right, Mr. Holifield. With your permis- 
sion I would like to state that due to duties I had in Nevada I was 
unable to properly proofread the prepared testimony and would like 
permission to do so later in the week. 

In addition, since the subject material is rather extensive, I would 
like to submit for the record the official report on the Marshallese in- 
cident and also the 6-month, the 1-year, and the 2-year reports. 

Representative Hotirtetp. Without objection, they will be received 
and filed with the committee. 

Dr. Cronxrre. In the prepared statement, I will just mention that 
the first nine pages go over the general problems of whole body radia- 
tion of man, and I am essentially in agreement with all that Dr. 
Friedell has said this morning. 

I would like to make one comment in respect to the treatment of 
radiation injury that came up this morning. That is, that much has 
been learned from the experimental therapy of radiation injury in 
animals. It has been conclusively shown that protection can be af- 
forded by the transplantation of bone marrow from one strain of ani- 
mal to another. ‘The protection afforded by transplantation of gene- 
tically specific material; that is, from one member of the same strain 
to an irradiated member of the same strain, is very good and long last- 


2Born December 11, 1914, Los Angeles, Calif. Undergraduate studies, University of 
California at Los Angeles and Stanford University. A. B. Stanford University, California, 
1936. M. D. Stanford University, School of Medicine, San Francisco, Calif., 1941. 
1940-41, interne in medicine, Stanford University Hospitals, San Francisco, Calif. 1941- 
42, assistant resident in medicine, Stanford University Hospitals, San Francisco, Calif, 
May 1942, commissioned lieutenant (junior grade). Medical Corps, United States Navy. 
1943, under instruction in general surgery, U. S. Naval Hospital, Naval Operating Base, 
Norfolk, Va., under J. M. Deaver. 1943-44, medical officer, Third Marine Aircraft Wing, 
FMF, U. S. Marine Corps Air Station, Cherry Point, N. C., and U. S. Marine Corps Air 
Facility, Walnut Ridge, Ark. 1945, medical officer, U. 8S. S. Sylvania AKA 44, 1946-54, 
head, Hematology Division, Naval Medical Research Institute, Bethesda, Md. 1946, 
participated as hematologist, Operation Crossroads, atomic bomb field tests, Bikini, 
Marshall Islands, 1950-51, project officer, Operation Crossroads, biological effectiveness 
of atomic bomb gamma radiation and hematological studies. 1952, assistant project 
officer, biological effectiveness of neutrons, Operation Tumbler-Snapper, Nevada Proving 
Ground, 1903, director biomedical program, Operation Upshort/knothole, civil effects 
test group. 1954, Operation Castle, project officer for the study of accidental human 
radiation casualties. Recipient Sir Henry Wellcome Prize in Military Medicine, 1949, 
Secretary of the Army Commendation for work, Operation Castel, 1954. Member of Phi 
Beta Kappa 1937; Olpha Omega Olpha 1940; Sigma Xi 1943; Fellow of the American 
Medical Association: American Association for the Advancement of Science Society for 
Experimental Biology and Medicine; American Federation of Clinical Research; Inter- 
national Society of Hematology; American Physiological Society; New York Academy 
of Science; American Society for Clinical Investigation. Resigned from the United States 
Navy September 30, 1954, as commander, Medical Corps, United States Navy. Presently 
senior recen, head of Division of Experimental Pathology, Medical Department, Brook- 
haven National Laboratory. Member National Research Council civil defense committee. 


Member of National Academy of Sciences panel to evaluate the acute and chronie effects 
of atomic radiation on man, Chairman of National Academy of Sciences subpanel of 
acute and chronic hematologie effects of atomic radiation on man. Member of i 

Committee Atomic Bomb Casualty Commission, (Submitted by witness.) 
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ing. If the material for transplantation has its source in another 
strain of mouse, the protection is less marked or not as long lasting. 
If the protective material comes from another species of animal, the 
protection is very short lived and not nearly as effective. In prin- 
ciple, the transplantation of bone marrow would significantly increase 
the survival rate of exposed human beings to doses of radiation that 
would be uniformly fatal. The amounts ; of bone marrow needed are 
large, and the mongrel nature of man makes it unlikely that very 
much could be expec ted in the w ay of long-term protective effect. In 
my opinion it would be the worst type of wishful thinking to expect 
that one could have an effective bone-marrow bank in the case of an 
atomic catastrophe. Much work is yet to be done under carefully 
controlled clinicai conditions before one could be optimistic about the 
use of this procedure in man under highly controlled conditions in an 
individual patient, let alone under conditions of a nuclear catastrophe. 

With this general statement I would also like to state that certainly 
in human beings exposed in the midlethal dose of radiation, the elini- 
cal picture of which is very similar to that produced by depression of 
bone marrow due to various drugs and so on, one would expect that 
antibiotics and judicious use of blood transfusions would be most 
helpful in increasing the survival rate in the midlethal range but not 
in the range in which spontaneous survival is not likely at the present 
time. 

With these general comments I would like to go to the prepared 
statement. 

I have been asked to summarize the early effects of exposure of ani- 
mals and man to external radiation with particular reference to the 
effects of fallout radiation on the Marshallese, the Los Alamos acci- 
dent, and radium. In addition, I have been asked to comment on the 
beta burns in the Marshallese, and other examples of beta burns. Since 
my personal experience is limited to the Marshallese and animal ex- 
perimentation, I shall limit myself to these and supply reference ma- 
terial for the others. 

It is quite impossible to cover all of this material in a reasonable 
period of time, so I shall concentrate upon the effects of exposure to 
external radiation on animals and man with a clinical description of 
the syndrome of radiation sickness as a function of dose of radiation 
and highlight the discussion with illustrative material collected in the 
study of the Marshallese (reference 1). 

My prepared statement includes numerous references and further 
material that time will not permit discussion of at length here. 

Radiation syndromes vary as a function of the type of exposure, 
the dose, and the time after exposure to radiation. In general radia- 
tion injuries can be divided into three general classes: 

(a) The syndromes of whole body radiation injury produced by 
penetrating ionizing radiation which are dose and time dependent. 

(6) Superficial radiation burns produced by soft radiations—beta 
and low energy x or gamma radiations. 

(c) Radiation injury produced by the deposition of radionuclides 
within the body. 

In the latter case the clinical picture varies with the site and amount. 
o1 deposition. 
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Each of the above is associated with an early phase in which acute 
symptoms and signs may be ubserved, and a late phase in which chronic 
i or manifestations such as cancer may be observed. 

I wish to emphasize also that the degree of injury and the clinical 
manifestations are proportionate to the dose. This is particularly 
true of the syndromes of whole body radiation. The latter is, and I 
repeat, highly dependent on dose and time after exposure. There is 
no simple description. The problem is subtle and complex and one 
must always bear dose and time in mind. 


THE SYNDROMES FROM ‘TOTAL BODY PENETRATING RADIATIONS 


The dose dependent syndromes resulting from total body exposure 
in the mammal have been described in detail, and I shall only sum- 
marize them here. For further details one is referred to references 
1 to 12. 

After large doses—approximately 6,000 r or more—the central 
nervous system syndrome, which oats abbreviated CNS, is produced. 
Death may occur under the beam while being irradiated or after some 
hours. The clinical picture is characterized by hyperexcitability, dis- 
orders of equilibrium, incoordination, respiratory distress and inter- 
mittent stupor. Convulsions may preceed death. Doses capable of 
producing this syndrome are always uniformly fatal If an occasional 
animal, and presumably man, survives this CNS he has yet to experi- 
ence the gastrointestinal syndrome (GIS), which when produced by 
doses in excess of 1500 r is always fatal within 3 to 9 days for mammals. 
Presumably man also will respond in a comparable manner as labora- 
tory animals, 

The GIS is so named because of the marked nausea, vomiting, 
diarrhea, and denudation of the lining of the small bowel. The GIS 
is a uniformly fatal syndrome in most laboratory animals. If the 
short duration GIS of a few hours resulting from lower doses, does not 
produce the 3- to 9-day death, the survivors of this syndrome have yet 
to experience the sequelae of bone marrow depression which has been 
termed the hemopoietic syndrome (HS). The HS is not necessarily 

atal. It is the clinical picture that is seen in the lethal range for all 
mammals and in general the 50 percent lethal dose values reported, 
represent the LD for the sequela of hemopoietic depres- 
sion—namely granulocytopenia, depressed defenses against infection, 
thrombopenia, and anemia with the possible resulting infections, dif- 
fuse purpurpa, and hypoxia due to anemia, any one of which may be 
fatal. Many detailed descriptions of the pathogenesis of these phe- 
nomena have been published (references 1-4, and 12-16). 

The above picture of radiation syndromes is based on animal ex- 
perimentation; however, human experience, particularly as observed 
at Hiroshima and Nagasaki and in the Marshallese natives has indi- 
cated that man probably corresponds quite closely to the general mam- 
malian response outlined above with the exception of some differences 
in time of occurrence. The CNS apparently was not observed b 
the Japanese at Hiroshima and Nagasaki. One would not expect it 
to have been observed since doses to produce this syndrome were well 
within the area of almost total destruction. 

The GIS with deaths in the first week are well documented clini- 
cally and pathologically as are deaths from the HS. However, in the 
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case of man, deaths from infection were most prevalent in the second 
to fourth weeks—maximum incidence during the third week—and 
from hemorrhagic phenomena in the third to the sixth weeks—maxi- 
mium incidence in the fourth week. 

In the Japanese, after the bombing of Hiroshima and Nagasaki, 
deaths from radiation injuries were occurring as late as the seventh 
week. This is in contrast to other animals where deaths from the 
acute phase are uncommon after the 30th day. 


PROBABILITY OF SURVIVAL AS RELATED TO SYMPTOMS 


Predictions of the effects of various doses of gamma radiation are 
essential to military and civil defense planning. ‘Tf the absolute sensi- 
tivity of man to radiation were known, and if it were practical to de- 
termine the dose to groups under catastrophic conditions, a realistic 
statistical prognosis could be made. However, these predictions can- 
not be made accurately at the present time. Problems involved with 
estimation of dose received by the individual, present real p “actical 
difficulties. It is probable that dese estim: ites will be available from 
dosimetry devices or from dose contour lines, and the position of indi- 
viduals during exposure. 

The difficulties of relying heavily on the dose estimates for a single 
individual are apparent. The exact position of the individual and the 
degree of shielding will not be known precisely. The dosimetry de- 
vice records the dose or dose rate, which may not reflect accur ately, 
because of shielding and energy dependence of the device, the deposi- 
tion of radiant energy at the site of interest, namely the bone marrow 
and the lining of the intestinal tract. 

The problems essociated with predicting medical effects from phys- 
ical estimation of dose can be further illustrated as follows: 

It is apparent that dose estimates available will be air doses. The 
dose received by the air is of academic interest only, since the degree 
of effect in living things is due to the deposition of energy and its dis- 
tribution in the critical tissues. Accordingly one must know the depth 
dose pattern or more precisely the pattern of absorbed dose in sensitive 
critical tissues. 

This problem has been explored experimentally at great length and 
is described in detail in reference 17. 

More need not be said here other than the fact that the uniform field 
of radiation coming at an individual from all directions is more effec- 
tive per 7 in air than dose of radiation of directional quality. In urban 
areas there may be shielding from the fallout field by buildings or in- 
homogeneities in the field due to drift in dry windy areas. 

With the prompt radiation shielding may be significant and the 
proximity of large buildings may seriously influence scatter and per- 
turb the uniformity of the radiation. 

Lastly a fallout field may be made undirectional by heavy shielding 
from buildings on one side. Thus estimates of dose calculated from 
dose rates or derived from an integrating type of dosimeter that adds 
up to the total dose received, or from position of an individual during 
exposure, cannot be accepted as the best index of the probable fate of 
this individual, or as the final guide to treatment. The physician is 
interested in the individual from the standpoint of sorting casualties 

with some chance of survival and those for whom nothing can be done, 
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and of equal importance the troop commander is interested in the 
overall prognosis of large groups of individuals in order to make plans 
for disposition and replacement. These two different desires cannot be 
completely met by physical estimates of dose. However, nature has 
been helpful. 

The manifestations of radiation injury vary with the amount of ra- 
diation received. In other words, the symptoms of the individual or 
groups of individuals becomes in a sense a personal indicator of one’s 
own fate. 

Experience with human radiation injury in Hiroshima and Naga- 
saki (references 4, 5, 10, and 11) with reactor accidents (references 3, 
6, 9) and the fallout accident (references 1 and 18) to be described 
later, strongly suggest that the best index of the seriousness of ex- 
posure of the individual is the symptomatology, in addition to the 
physical estimate of dose. 

Radiation injury is complex and subtle, and the manifestations of 
the injury vary considerably. Ina general sense, individuals exposed 
in the lethal range—here some, but not all, will die in the first several 
weeks following exposure—can be divided according to symptoms and 
signs, into groups having a different prognosis. Thus they may be 
divided into three groups in which survival is, respectively, improb- 
able, possible, and probable. It will be apparent that there 1s no sharp 
line ‘of demarcation among the groups. The distinguishing features 
are severity and pel rsistence of vomiting and diarrhea, 


GROUP I SURVIVAL IMPROBABLE 


If vomiting occurs promptly or within a few hours, and continues 
and is followed in rapid succession by prostration, diarrhea, anorexia 
and fever, the prognosis is grave: Death will almost definitely occur 
in 100 percent of the individuals within the first week. There is no 
known therapy for these people; accordingly in a catastrophe atten- 
tion should be devoted principally to others for whom there is some 
hope or in whom therapy is clearly indicated. 


GROUP IT SURVIVAL POSSIBLE 


Vomiting may occur early but will be of relatively short duration 
followed by a period of well-being. In this period of well-being 
marked changes are taking place in the hemopoietic tissues. Lympho- 
cytes are profoundly depressed within hours and remain so for months. 
The neutrophil count is depressed to low levels, the degree and time 
of maximum depression depending upon the dose. Signs of infection 
may be seen when the total neutrophil count has reached virtually 
zero—7 to 9 days. The platelet count may reach very low levels after 
2 weeks. External evidence of bleeding may occur within 2 to 4 weeks. 

This group represents the lethal- dose range in the classical pharma- 
cologic sense. In this group the symptom-free period—the latent 
per riod—lasts from 1 to 3 w eeks, with little clinical evidence of injuries 





other than slight fatigue. 

At the termination of the latent period, the patient may develop 
purpura, which is bleeding into skin, epilation oral and cutaneous le- 
sions, infections of wounds or burns, diarrhea, or melena—black stools 
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from digested blood. The mortality will be significant. With therapy 
the survival time can be expected to be prolonged, and if sufficient time 
is provided for bone-marrow regeneration, the survival rate will be 
increased. 

In group I, survival improbable, and group II, survival possible, 
the blood picture is not as well documented as in group ITI, survival 
probable. There are good clinical reasons to believe that in the lethal 

range the eranulocyte depressions will be marked and below 1,000 
per cubic millimeter during the second week. Observations made in 
Japan confirm this contention. 

However, in the sublethal range it takes much longer for the granu- 
locyte and platelet count of man to reach minimal values, as compared 
to other mammals. Despite the chaotic conditions that existed in 
Hiroshima, the data of Kikuchi and Wakisaka (reference 11) shows 
that there was a more rapid and marked decrease in group I, survival 
improbable, and group II, survival possible, than in group ITI, sur- 
vival probable. Before going on to group III, survival probable, 
I cannot refrain from a comment on therapy. 

Much has been learned from the experimental therapy of radiation 
injury in animals. It has been conclusively shown that protection 

can be afforded by the transplantation of bone marrow from one strain 
of animal to another. The protection afforded by transplantation of 
genetically specific material, that is from one member of the same 
strain to an irradiated member of the same strain, is very good and 
long lasting. If the material for transplantation has its source in 
another strain of mouse, the protection is less marked and not as long 
lasting. If the protective material comes from another species of 
animal the protection is very short lived and not nearly as effective. 
In principle the transplantation of bone marrow would significantly 
increase the survival rate of exposed human beings in the group II, 
survival possible, and possible to a lesser extent in the group 1, surviv: al 
improbable, casualties. 

The amounts of bone marrow needed are large, and the mongrel 
nature of man makes it unlikely that very much could be expected in 
the way of long term protective effect. In my opinion it would be the 
worst type of wishful thinking to expect that one could have an effec- 
tive bone-marrow bank in the case of an atomic catastrophe. 

Much work is yet to be done under carefully controlled clinical con- 
ditions before one could be optimistic about the use of this procedure in 
man under highly controlled conditions, for an individual patient, let 
alone under conditions of a nuclear catastrophe. 

However, the treatment of group II casualties is not at all hopeless. 
There is ample clinical experience in conditions where the bone marrow 
is severely depressed and in which there are inadequate numbers of 
circulating cells. 

In these relatively common clinical conditions produced by sensi- 
tivity to drugs, or occurring naturally as disease processes, the com- 
bined use of the wide-spectrum antibiotics that are now available, and 
the ju lie ious use of blood transfusions significantly increases the sur- 
vival time of the individuals, thus giving nature a longer period of 
time to repair spontaneously the damage that has been suffered. <Ac- 
cordingly, one ¢ ould fc ‘e | optimistic in respect to increasing significant- 
ly the survival rate of the group II, survival possible, casualties by 
widespread controlled use of antibiotics. Blood transfusions would 
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be helpful to a limited extent for anemia. The probability of avail- 
ability of enough blood for burns and other injuries is low. Hence, 
when blood may be needed for radiation injury, supply may be ex- 
hausted. Preparation and stockpiling for such an emergency is obvi- 
ously required. 

GROUP III SURVIVAL PROBABLE 


This group consists of individuals who may or may not have had 
fleeting nausea and vomiting on the day of exposure. In this group 
there is no further evidence of effects of the exposure except the hema- 
tologic—blood—changes that can be detected by serial studies of the 
blood with particular reference to lymphocytes and platelets. The 
lymphocytes reach low levels early, within 48 hours, and may show 
little evidence of recovery for many months after exposure. The 
granulocytes may show some depression during the second and third 
week. However, considerable variation is encountered. The late fall 
in the granulocytes, during the sixth or seventh week, may occur and 
should be watched for. Platelet counts reach lowest levels on approxi- 
mately the 30th day at the time when maximum bleeding was observed 
in Japanese who were exposed at Hiroshima and Nagasaki. This 
time trend in the platelet count and the development of hemorrhage is 
in marked contrast to that seen in laboratory animals where platelets 
reach their lowest levels between the 10th and 15th days and hemor- 
rhage occurs shortly thereafter. 

In this group individuals with neutrophil counts below 1,000 per 
cubic millimeter may be completely asymptomatic. Likewise, patients 
with platelet counts of 75,000 per cubic millimeters or less may show 
no external signs of bleeding. 

It is well known that all defenses against infection are lowered, even 
by sublethal doses of radiation, and thus, patients with severe hema- 
tologic depression should be kept under close observation and adminis- 
tered appropriate therapy as indicated. There is reasonably good ani- 
mal experimentation to indicate that sublethally exposed colonies of 
animals are more susceptible to endemic and epidemic infection. 

The numbers of individuals in group I1I—survival probable—will 
be greater than in group IJ—survival possible—and the number in 

roup IL will be greater than in group I—survival improbable. 
Teeny I casualties will be helplessly injured. Group II casualties 
will be able to help in their own care to a limited extent. Group III 
casualties will be useful and a moderate amount of work will not be 
harmful. Notherapy other than observation is needed for this group. 

The rest of my comments will be focused on the fallout accident 
that occurred on March 1, 1954. 

Following detonation, unexpected changes in the wind structure de- 
posited radioactive materials on inhabited atolls and on ships of Joint 
Task Force 7, which was conducting the tests. 

Radiation surveys of the areas revealed injurious radiation levels; 
therefore evacuation was ordered, and was carried out as quickly as 
— with the facilities available. Although the estimated accumu- 

ated doses to human beings were believed to be below dangerous 
levels that would produce lasting injury or mortality, the commander 
of the task force requested assistance of the Department of Defense 
and the United States Atomic Energy Commission. A medica] team 
was requested which would be organized to provide the best possible 
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care of the exposed persons and to make a medical study of the ex- 
posures. The responsibility for organization of the medical team was 
shared between the Armed Forces special weapons project of the 
Department of Defense, and the Division of Biology and Medicine of 
the Atomic Energy Commission. 

Since speed was essential, and since the United States Navy Medical 
Department had experienced personnel available at the Naval Medi- 

cal Research Institute and the United States Naval Radiological De- 
fense Laboratory, the Surgeon General of the Department of the Navy 
was requested to provide assistance. 

He promptly complied, and directed the organization of a team 
from the two above-mentioned laboratories. I had the privilege to 
be the director of this team. 

Within a period of 3 days, equipment was assembled and packed, 
and the team was airlifted to the Marshall Islands, arriving on the 
eighth day after the explosion. 

The interim care and study of the exposed individuals had been 
ably taken care of by the limited medical facilities of the United 
States Naval Station, Kwajalein. I am pleased to call attention to 
the fact of the very high degree of cooperation between all Govern- 
ment agencies concerned and to the numerous individuals who self- 
lessly gave of their time and efforts. The number is large, and due 
credit and acknow ledgments are given in the official report of the inci- 
dence published by the United States Government Pr inting Office, and 
listed in reference 1. 


NATURE OF THE EVENT AND DESCRIPTION OF THE EXPOSED GROUPS 


The radioactive material fell on the inhabited atolls of Rongelap, 
the heaviest dose; on Ailinginae; on Rongerik where American service- 
men were stationed, and Utirik where the smallest dose was received, 
but by the largest number of people. ‘The Marshallese were living un- 
der relatively primitive conditions in lightly constructed palm houses. 

‘he American military personnel had the second highest exposure. 
They were more aware of the significance of the fallout than where 
the Marshallese, and promptly put on additional clothing to protect 
their skin. As far as duties would permit, they remained inside 
of aluminum buildings. In contrast to this the Marshallese in gen- 
eral remained outside, and accordingly were more heavily contami- 
nated by the material falling upon the atoll and upon them. 

All of the exposed human beings were evacuated by air and surface 
transportation to the United States naval station, Kwajalein, as 
promptly as facilities would permit. Since a survey of the individuals 
showed that there was significant contamination of the skin, clothes, 
and hair, the clothes were removed and laundered and repeated wash- 
ings of the skin and hair were carried out with fresh water and soap. 
The hair of the Marshallese was decontaminated with difficulty be- 
cause of the heavy coconut-oil hair dressing they used. 

On Rongelap there were 64 individuals that received an estimated 
dose of 175 r. On Airlinginae there were 18 individuals receiving ap- 
proximately 69 r. On Rongerik there were 28 American servicemen 
receiving approximately 78 r. on Utirik there were 157 individuals 
rect elving app roximately i4r. 

Senator Anpverson. Where do you get those figures, Doctor? 
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Dr. Cronxire. I will come to that in the next section. I will dis- 
cuss how the doses were arrived at. 

Senator AnpErson. We heard it suggested this morning that lots of 
figures are not too reliable. I am wondering if you had a way of 
measuring this so you could be fairly sure of these figures. 

Dr. Cronxire. I will come to this in the next section and discuss 
the reliability of the dose estimates and the various variables that go 
into it. 

Senator Anprrson. Thank you. 


WHOLE BODY GAMMA DOSES 


Dr. Cronkite. The determination of the whole body gamma doses 
are dependent upon the surveys that were made with calibrated in- 
struments approximately 3 feet above the ground several days after 
the inhabitants were evacuated, In addition certain assumptions had 
to be made about the arrival time of the cloud and the rate of fallout 
of the material. Only on Rongerik where there was a recording dosi- 
meter is arrival time known precisely. The dose rate of the continuing 
fallout of material was in part neutralized by the progressive radio- 
active decay. In addition the transit dose from the cloud passing over 
the atolls could not be estimated. All of these variables were taken 
into account and the doses calculated. These doses were consistent 
with the doses that were actually measured on Rongerik by film that 
was stored in refrigerators and by film exposed outside on this atoll. 

In view of this internal consistency it is believed that the dose of 
calculated radiation on the atolls is reasonably accurate. Details of 
the calculation of the dose are in the official report which discusses in 
detail the probable range in values (reference 1, ch. 1). 


CHARACTERISTICS OF THE GAMMA RADIATION 


The fallout material when deposited on the ground formed a large 
planar source of radiation. The energy distribution of the radiation 
reaching an exposed individual is influenced by its passage through 
the intervening air. A knowledge of the inherent gamma spectrum as 
it eminates from the material itself is essential in order to determine 
the spectrum that impinges upon exposed individuals. 

When one takes into account the spectometric data on the mixed 
fission products and the degredation by Compton scattering along the 
path in air, a dose energy histogram can be constructed, showing that 
there are roughly 3 regions with maxima at 100, 700, and 1500 Key. 
‘he total exposure is thus the resultant effect of partial doses from 
each energy region, making the exposure energy condition significantly 
different from those of radiation ee experimental biology, or 
from the prompt gamma radiation of the bomb. 


Details of the characteristics of the exposure are discussed in refer- 
ence (reference 1, ch. 1). 

Actually the overall effect of the geometry and spectrum is to pro- 
duce a very uniform deposition of energy throughout the body so that 
per roentgen in air fallout radiation is relatively more effective than 
the prompt radiation from the bomb or the radiation from an X-ray 
tube. 
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THE CHARACTERISTICS OF THE FALLOUT MATERIAL 


The fallout material consisted predominantly of flakes of calcium 
oxide resulting from the incineration of the coral. Upon the flakes 
of calcium oxide fission products were deposited. At Rongelap Atoll 
the material was visible and described as snowlike. It stuck to the 
skin, adhered to the air and clothes, the vegetation, and the habita- 
tions. 

Senator Anprrson. That is what they talked about with respect to 
the Japanese who were in the fishing boat. 

Dr. Cronxire. Yes, sir. 

Senator Anperson. They had this white fallout that they thought 
was some sort of manifestation from heaven and would not wash off 
for a while, and suffered as a consequence. You are describing the 
same sort of thing that happened down there. 

Dr. Cronxrre. They were in approximately the same or a com- 
parable position as the Rongelap natives and experienced very closely 
the same thing, except in their case working with their fishlines, and 
so on, grinding the material into their hands, they got worse skin burng 
than the Marshallese. 

Senator Anperson. Thank you. 


GEOMETRY OF THE EXPOSURE 


Dr. Cronkite. Time does not permit a discussion of the effect of 
this, but it has been alluded to earlier and details of the influence of 
geometry of the exposure to biologic effect are in references 1 and 17. 


SUPERFICIAL DOSES OF RADIATION FROM BETA AND SOFT GAMMA RADIATION 


There is no doubt that the dose of radiation to the first few milli- 
meters of the skin is substantially higher than that at the midline of 
the body from the more penetrating gamma component. Problems 
concerned with the estimation of the dose of radiation to the skin are 
discussed in detail in reference 1, chapter 1. 

To arrive at some physical estimate of the skin dose, an attempt must 
be made to add up the contributions of the penetrating gamma, the 
less penetrating gamma, the beta bath to which the individuals were 
exposed from the relatively uniform deposition of fission products in 
the environment and the point contact source of material deposited on 
the skin. By all means the largest component of skin irradiation re- 
sulted from the spotty local deposits of fallout material on exposed 
surfaces of the body. 

To put it in reverse, the individuals who remained inside had no skin 
byrn. It was only on those on whom the material was directly de- 
posited on the skin that received burns. 

It is completely impossible to estimate the dose from material that 
was deposited on the skin. ‘The relative hazard of the beta path is dis- 
cussed in detail in the previously mentioned reference 1. 


CLINICAL OBSERVATIONS AND TREATMENT: SYMPTOMS AND SIGNS RELATED 
TO RADIATION INJURY 


Itching and burning of the skin occurred in 28 percent of the people 
on Rongelap, 20 percent of the group on Ailinginae, and 5 percent of 
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the Americans. There were no symptoms referable to the skin in the 
individuals on Utirik. In addition to the itching of the skin there 
was burning of the eyes and lacrimation in people on Rongelap and 
Ailinginae. It is probable that these initial skin symptoms were due 
to irradiation since all individuals who experienced the initial symp- 
toms later developed unquestioned radiation-induced skin lesions that 
will be described in detail later. It is is possible however, that the 
intensely alkaline nature of the calcium oxide when dissolved in per- 
spiration might have contributed to the initial symptoms. 

About two-thirds of the Rongelap group were nauseated during the 
first 2 days, and one-tenth vomited and had diarrhea. One person in 
the Ailinginae group was nauseated. No one in the Rongerik or 
Utirik group, or Americans, had gastrointestinal symptoms. 


CLINICAL OBSERVATIONS AND LEUKOCYTE COUNTS 


Between the 33d and 43d post exposure day, 10 percent of the in- 
dividuals from Roneglap had an absolute granulocyte level of 1,000 
per cubic millimeter or less. The lowest count during this period was 
(00 per cubic millimeter. 

Representative Hotirretp. How does that compare with the normal ? 

Dr. Cronkite. The normal count would be approximately 5,000 to 
6,000 in American population. They were very seriously depressed 
at this time. 

Representative Horirrerp. This was with an average of around 
what ? 

Dr. Cronxrre. 175 roentgens. I am sorry I did not mention it 
earlier. I am limiting my comments to the highest dose group. The 
time sequence of events in the other groups was similar but just to a 
less extent more or less proportionate to the decrease in dose received. 

During this interval the advisability of prophylactic administra- 
tion of antibiotics was seriously considered. However, prophylactic 
administration of antibiotics was not instituted for the following 
reasons : 

(1) All individuals were under continuous medical observation so 
that infection, if it developed, would have been discovered in its 
earlier stages. 

(2) Premature administration of antibiotics might have obscured 
medical indications for treatment, and might also have led to the 
development of drum resistant organisms in individuals with lowered 
resistance to bacterial infection. 

(3) There was no accurate knowledge of the number of granu- 
locytes requires by man to prevent infection with this type of granu- 
loctyopenia as occurred in the Marshallese. 

The observed situation was not strictly comparable to agranulocy- 
tosis with an aplastic marrow as seen following known lethal doses 
of radiation. In the latter instant, granulocytes fall rapidly with 
practically none in the circulation and no evidence of granulocyte 
regeneration when infection occurs. In the present group of indi- 
viduals exposed to radiation, most counts reached approximately one- 
fourth the normal value, but the fall to that level was gradual and 
the presence of immature granulocytes in the peripheral blood dur- 
ing the period of granulocytopenia was indicative of some new 

ranulocyte production. In other words, the bone marrow had not 
Seok completely eradicated by the dose of radiation received. 
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The few individuals that received antibiotics had conditions that 
would have been treated with antibiotics in the absence of any previ- 
ous exposure to irradiation. During the fourth and fifth exposure 
weeks an epidemic of upper respiratory infection occurred. The 
respiratory infection consisted of moderate malaise, pharyngitis with 
prominent lymphoid follicles, fever during the first day, and a puru- 
lent nasal and tracheal discharge for about 10 days. 

It was of interest to determine whether this respiratory infection 
could be correlated with the dose of radiation received or changes in 
the leukocyte count. There was no correlation. The respiratory in- 
fection in the medical personnel involved in the care and study of 
the irradiated individuals was similar in incidence and severity. 

Earlier today Doctor Friedell commented upon platelets, and these 
were followed very carefully in the Marshallese. 


CLINICAL OBSERVATIONS AND PLATELET COUNTS 


Eleven individuals had platelet counts that fell as low as 55,000 
to 65,000/mm.*. All individuals with platelet counts less than 100,000 
per mm.° were examined daily for evidence of hemorrhage into the 
skin, mucous membranes and retina. Urine was examined daily 
for red cells and albumin. Women were questioned concerning ex- 
cessive menstruation. The only evidence for any undue bleeding 
were two women who menstruated profusely at the time of their 
maximum platelet depression. It was not sufficient to cause them 
undue concern and subsided without any specific treatment. 


THE EFFECTS ON PREGNANCY 


Four women in the Rongelap group were pregnant when brought 
to Kwajalein. Two were in the first trimester, one in the second tri- 
mester and one in the third trimester. There were no abnormal symp- 
toms referable to pregnancy. As far as could be determined the preg- 
nancy continued in the normal fashion. 

In the Ailinginae group of 69 r, one woman was in the second tri- 
mester. Fetal movements were unaffected in the individual in the 
third trimester. The pregnant women had a marked depression of 
platelet counts but at no time was there any vaginal bleeding. At the 
12-month reexamination of the above women, all had delivered. One 
baby was born dead; the others were normal. 

In the case of the one stillborn, irradiation occurred to the mother 
either before conception or early in the first trimester. It is possibie 
that the irradiation may have contributed but there is no way to prove 
this. 

SPECIAL EXAMINATION OF EYES 


At all followup examinations an ophthalomogist has examined the 
eyes of all individuals, To date no lesions ascribable to ionizing radia- 
tion have been found. Similar studies have been made on the eyes of 
nonexposed Marshallese and the incidence of eye lesions is identical 
in the two groups. 

SKIN LESIONS AND EPILATION 


As mentioned earlier there was burning of the skin. On first ex- 
amination by the medical team on the ninth post exposure day the ex- 
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posed people appeared to be in good health and the skin was definitely 
normal in external appearance. Evidence for the development of 
skin lesions commenced approximately 2 weeks after exposure. 

During the early stages of development of the lesions, itching, burn- 
ing and slight pain were experienced with the more superficial lesions. 
With deeper lesions the pain was more severe. The deeper foot lesions 
were the most painful and caused some of the people to walk on their 
heels for several days during the acute stages. Some of the more 
severe lesions of the neck and axillae were painful. There were no 
constitutional symptoms associated with the skin lesions. 

The characteristic sequence of events in the development of the le- 
sions was the occurrence of symptoms, then of black pigmented areas, 
small in size, which grew larger in size and coalesced. Later the skin 
began to shed from the inside of the pigmented plaques to the outside, 
and in some cases resulted in the production of large depigmented 
areas. In most of the lesions the shedding was limited to the super- 
ficial layers of the skin. In some the process continued with the de- 
velopment of superficial ulcers. A few became infected. 

The appearance of these skin burns can best be illustrated by re- 
ferred to chapter III of reference 1 where Kodachrome pictures il- 
lustrate the sequence of events. 

In addition to the skin burns, loss of hair, spotty in nature, occurred 
in some of the individuals. The hair grew in again with normal color 
and texture and the regrowth was complete in all except possibly one 
middle-aged man in whom it came in somewhat sparsely. Small pieces 
of skin were removed surgically from some of the burned areas for 
microscopic study. These pieces of skin demonstrate the typical find- 
ings of radiation injury. Some of the skin burns became infected, 
particularly those on the feet, and were treated locally by cleansing 
and applications of antibiotic ointments. The skin burns healed in 
most cases with return of normal color and texture of the skin, and 
in some cases scars were left with depigmented areas. 

The worst burn occurred on the back of the ear of a middle aged 
man. It produced a permanent scar with absence of pigment and ab- 
normal blood vessels and a slight horny growth of the overlying skin 
has developed. The skin has been carefully observed at 6 months, 12 
months, 2 years, and 3 years after exposure, and there is no evidence 
at the present time of any breakdown in the early burns of the skin. 
There is no evidence of the development of cancer at this time. In 
some the depigmented scars are still evident. The individuals have 
been seen on two occasions by a plastic surgeon, Dr. Bradford Cannon, 
of the Harvard Medical School, who feels that no plastic repair is 
necessary and that the prognosis in general is good. 


FACTORS INFLUENCING SEVERITY OF THE LESIONS 


Certain lessons were learned from the Marshallese experience. 

Burns were caused by direct contact of the radioactive material 
with the skin. The perspiration as common in the tropics, the delay 
in decontamination and the difficulties in decontamination certainly 
favored the development of the skin burns. Those individuals who 
remained indoors or under trees during the fallout developed less 
severe skin burns. The children who went wading in the ocean devel- 
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oped fewer lesions of the feet and most of the Americans who were 
more aware of the dangers of the fallout, took shelter in aluminum 
buildings and bathed and changed clothes. Consequently they devel- 
oped only very mild beta burns. 

Lastly, a single layer of cotton material offered almost complete 
protection, as was demonstrated by the fact that skin burns developed 
almost entirely on the exposed parts of the body. 

The prognosis of beta skin burns and radiation burns of the skin 
is excellently described in chapter III of reference 1. 


HEMATOLOGIC OBSERVATIONS 


It is generally considered that changes in the blood are the most sen- 
sitive biologic indexes of exposure of living human beings to radiation. 
Accordingly extensive simple hematologic studies were performed on 
the Marshallese. Since there were no previous hematologic studies 
on the exposed Marshallese, it was necessary to set up control groups 
of nonexposed Marshallese of the same age and sex distribution for 
comparative purposes. 

I shall restrict my comments to the findings in the group from 
Rongelap since the temporal sequence of events are identical in all of 
the exposed groups. Of course the depression was less marked in the 
less severely exposed groups. 


NEUTROPHILE COUNT 


The absolute neutrophile count of both the younger and older age 
groups fell during the second week to a value approximating 70 to 80 
percent of that of the controls. Following the depression there was 
an oscillation roughly around the control ‘value until about the 30th 
postexposure day at which time there was a progressive decrease in the 
blood count with minimum values being attained around the 45th day 
after exposure. It is of interest that the depression in the children 
less than 5 years of age was greater than in the individuals who were 
greater than 5 years of age. 

Following this maximal depression there w as a slow return of the 
neutrophile counts toward normal. However, at 6 months they were 
still depressed. At 1 year and 2 years the peaiconhdth counts were 
back to the control level. However, at 3 years there was a drop in the 
absolute mean neutrophile count but this also occurred in the control 
population. It is not known whether lower counts represent a popu- 
lation trend as has been noted in the Japanese for both irradiated and 
nonirradiated populations, or whether it is merely a statistical fluctua- 
tion that is to be expected in this type of study. More work is neces- 
sary on this point. 

LYMPHOCYTE COUNT 


By 3 days the lymphocytes dropped to 50 percent of the controls. 
The percent drop in the children less than 5 years of age was greater 
than that of the people older than 5 years. The lymphocyte count 
remained at approximately the same level through the exposure pe- 

riod. At 6 months, 12 months, 2 years, and 3 years, the level, though 
increasing, had not quite reached that of the control population. 





= 


reawJ Vw Ww 





RADIOACTIVE FALLOUT AND ITS EFFECTS ON MAN 949 


PLATELETS 


The maximum depression in platelets was obtained approximately 
28 to 30 days after exposure in contrast to laboratory animals that 
attain their minimum values between the 10th and 15th days after 
exposure. In this case the children under 10 years of age had a greater 
percentage drop than those who were older. The platelets began to 
recover after the 50th day, attain a maximum about the 45th day. 

There was then a secondary drop with a leveling off for the remain- 
der of the postexposure period, and at 6 months, "12 months, 2 years, 
and 3 years, slow recovery was still underway. The levels of the pop- 
ulation were approaching the controls but have not yet reached it. 

In all of the hem: tologic studies mentioned above, it is stated that 
the present levels are not equal to that of the control population. 
However, I wish to emphasize that the current levels of the blood 
cells of all types is more than adequate to take care of the infections 
and the various troubles of everyday existence. This statistical ex- 
pression of an inadequate recovery probably represents the residual 
radiation injury that is of considerable interest to study but does not 
appear to be overtly harmful to the individuals. One can be reason- 
ably confident in this because they are not faring less well in resistance 
to disease than are the Marshallese who were nonexposed and living 
in the same area, 


INTERNAL ABSORPTION OF RADIONUCLIDES 


During the 2 days before evacuation, the Rongelap people lived 
under conditions of extreme contamination without any concerted 
efforts to protect themselves against the dangers of internal contam- 
ination. These individuals drank contaminated water, and ate their 
natural foodstuffs which were contaminated externally. Their hands 
were contaminated; they inhaled and obviously ingested certain inde- 
terminate amounts of material. 

The body burdens of isotopes in these individuals was evaluated by 
radiochemical analysis of the urine of the exposed people and assisted 
by studies on swine. ‘These swine were removed from the island at a 
later date. The urinary and fecal excretion was studied and ulti- 
mately the animals were killed. Extensive radiochemical analyses 
were made of their entire bodies. By comparison, approximations of 
body burdens of radionuclides was made. From a combination of 
urinary excretion and animal studies estimates were made of the prob- 
able body burden. 

Rare and alkaline earths accounted for about 70 percent of the urine 
activity. Strontium 89 was about at the maximum permissible level 
at 1 day. Iodine 151 and other members of the iodine family which 
had to be present early, resulted in a dose of radiation to the thyroid 
glands, estimated between 100 and 150 rep. To this of course, must 
be added the penetrating external gamma component. By 6 months 

radiation was barely detectable in the urine. At 2 years from analysis 
of pooled urine s: amples and individual samples, very tiny amounts of 
strontium 90, calcium 45, praseodymium and cesium were present. 
Studies were performed both at United States Naval Radiological 
Defense babaeaors, and Walter Reed Army Medical Center, 
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The results of the 3-year radiochemical analysis of the urines that 
were recently collected are not completed as yet. 

It was believed that the body burdens of these people was very low 
and probably biologically insignificant. However it was decided to 
bring some of the individuals to the United States for study with the 
total body gamma counter at the Argonne National Laboratory. This 
decision was made not because of any fear but because the analysis of 
the urine and the animal analysis were an indirect means to obtain 
probable body burdens. 

It was obviously desirable to obtain a firm direct measurement of the 
body burden from the scientific standpoint and to determine the precise 
body burdens. Four individuals from the Rongelap § group, 2 from 

the Utirik group, and 1 control Marshallese—a total of 7—were 
brought to the United States and taken to the Argonne National Lab- 
oratory. There, under the direction of Doctors Marinelli, Rose, and 
Miller, the total body gamma activity was measured. The results are 
yet incomplete — have to be analyzed further. It was found that 
the e xposed Marshallese had counts that were higher than nonexposed 
peoples in the United States. Ilowever, the values were far below 
the current permissible levels. 

Since there has been some misunderstanding in the press about chil- 
dren being brought to the United States for study, I would like to 
state that all the individuals brought to the United States were adults, 
with the exception of one 16-year-old boy. They have subsequently 


Leen returned to the Marshall Islands. 





THE CONTINUING STUDY OF THE MARSHALLESE 


My associate in the Medical Department of Brookhaven National 
Laborator y, Dr. Robert A. Conard, a member of the original team that 
took care of and studied the Marshallese, and director of the 2- and 3- 
year surveys, has retained an abiding interest in the Marshallese, 
On behalf of the Atomic Energy Commission and Brookhaven Na- 
tional Laboratory, he has undertaken the continuing responsibility of 
yearly surveys of these pc ople. These surveys are being made possible 
by the cooperation of the Medical Department of the United States 
Navy and its activities, the Medical Research Institute at Bethesda, 
Md., and the United States Naval Radiological Defense Laboratory in 
San Francisco. The continuing project is a joint effort directed by 
Dr. Conard and participated in by the Medical Department of Brook- 
haven National Laboratory, the two Navy institutions mentioned 
earlier, and interested physicians and scientists of various American 
universities and medical schools. The probabilities of getting a good 
scientific followup are excellent 

One cannot leave this treme sndously important subject of fallout and 
the unfortunate accident that occurred in the Marsh: all Islands in 1954 
without the frank recognition that late effects of ionizing radiation 
are possible. Many late effects have been observed in man and in 
animals. These are condensed in detail in the National Academy of 
Sciences report (reference 8). Accordingly, a search for late effects 
is an essential part of the continuing survey. 
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A summary of the 3-year status of these people, which will be 
reported in detail in reference 22, now being prepared, follows: 


FERTILITY 


Effect of radiation exposure on fertility is difficult to assess in the 
Marshallese. If there has been any effect on fertility, it must have 
been very short lived, since pregnancies are occurring normally and 
at rates similar to other groups of Marshallese. 


PREGNANCY 


There has been no apparent effect of radiation on the course of 
pregnancy in the Marshallese. Since the delivery of the 4 women who 
were pregnant at the time of the event, there have been 12 pregnancies 
which have terminated. Ten of these terminated normally, one termi- 
nated in a stillbirth, and one baby died several hours after birth, ap- 
parently of an infection of the cord. The lack of vital statistics makes 
this data difficult to interpret. However, it does not appear that this 
incidence of stillbirths is greater than that of other comparable native 
groups in the mid-Pacific area. 


EFFECTS ON TILE FETUS 


The three babies irradiated in utero have not shown any abnormali- 
ties such as was observed in some of the Japanese babies irradiated 
in utero. For example, microcephaly. 


ROWTIL AND DEVELOPMENT 


On each resurvey the exposed and control children have been 
matched for age and sex. Measurements on growth and development 
have been carried out, Anthropometric measurements have been in- 
completely analyzed as.yet. Since the numbers of children are small, 
the data is not easily subjected to statistical analysis. There were 17 
children less than 7 years of age and 24 less than 16 years of age at 
the time of exposure. However, there does appear to be a st: atistical 
evidence suggestive of a slight impairment of growth and develop- 
ment as measured by comparison of height and weight in the control 
and exposed children. You cannot look at these children and pick 
out any abnormalities. 

I would like to comment on this rather emphatically, because of 
the headlines that I saw a few minutes ago. There is no gross stunting 
of the growth. It can only be detected by a careful statistical analysis 
of the data, by taking measurements of weight and height. 


SHORTENING OF LIFE SPAN 


In animals, the evidence for shortening of life span is quite good. 
It is evidence that the life shortening is some function of the dose of 
radiation. However, the extrapolation from mice to man is extremely 
diflicult. It is unlikely that any good statistical analysis can be made 
on the Marshallese because of ‘the small numbers of individuals and 
the uncertainty of the precise birth date in the older groups, prior 
to the American occupation in 1944. 
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There has been one death in the Rongelap group who, at autopsy, 
showed evidence of heart disease. In the larger group from Utirik 
there have been five deaths. The number of deaths is comparable in 
both groups, one having received 175 r. and the latter only 14 r. To 
date, one must conclude that there has been no significant evidence 
for premature aging or shortening of the life span of the Marshallese. 


LEUKEMIA AND CANCER 


Leukemia is one of the things that is known to have occurred in the 
Japanese and is prevalent in irradiated laboratory animals, To date, 
no leukemia has occurred and there is no evidence of leukemic tenden- 
cies. This is being studied intensively by the usa of alkaline phos- 
phatase studies on the granulocytes and basophile counts on the blood. 
It has been shown by the studies of Moloney et al. in Japan that a 
basophilia and decrease in alkaline phosphatase precedes the develop- 
ment of leukemia. They picked up a precursor tendency that is detect- 
able prior to the frank morphological picture of general leukemia. 

Genetic effects, I think, I will defer comment on, since I am not a 
geneticist. The number is small, and I see little chance of detecting 
anything of note in the Marshallese. 

Representative Horirierp. Is it not true that, if the male and female 
are married to a group that have been irradiated, there is a much 
greater chance of the genes being effected than if one irradiated person 
and a nonirradiated person were married ? 

Dr. Cronxire. Yes; Iam sure the probability of detecting is greater 
by consanguineous marriage than by nonconsanguineous. I am sure 
this is a subject that Dr, Russell will go into in considerable detail, 
and I will have to confess relative ignorance on the subject. 


LONG-TERM EFFECTS OF INTERNALLY DEPOSITED RADIONUCLIDES 


The very small amounts of radioactive materials that are deposited 
internally are, by themselves, inadequate to produce serious, long-term 
effects. However, the subject is complicated by the fact that the indi- 
viduals had a substantial initial insult from whole-body radiation, In 
addition to the whole-body radiation, the thyroid gland received 
approximately 100 to 150 r. e. p. from the short-lived iodine family. It 
has been reported that irradiation of the thyroid area in early life 
increases the incidence of cancer of the thyroid. Accordingly, thyroid 
function and the possibility of thyroid cancer is being studied in the 
Marshallese children. ‘To date, there is no evidence of abnormality. 

Before concluding, I cennot refrain from expressing my personal 
opinion and conviction on two aspects of the fallout problem. 

First, the acute and long-term hazards of fallout, such as would 
occur following the use of thermonuclear devices in warfare, are simp- 
ly unthinkable. The widespread contamination over continental areas 
from multiple detonations of thermonuclear devices over populated 
areas would produce radiation hazards for all living things and for 
generations tocome. These hazards are rather well understood. These 
hazards cannot be considered on the usual calculated risk basis of 
warfare in the past. One can only make a plea that an enlightened 
world will demand that their representatives in government also appre- 
ciate these hazards and with this recognition bring every conceivable 
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effort of diplomacy to solve the problems posed by differences in polit- 
ical and economic ideologies and thus prevent a type of warfare that 
cannot be considered in terms of calculated risk. 

Second, the worldwide, low-level radiation of today from diverse 
sources has been analyzed thoughtfully by competent people, individ- 
ually and in assembly. Note the sober and realistic reports of the 
National Academy of Sciences, the British Medical Research Council, 
and the United Nations. These reports point out the multiple sources 
of radiation in our lives today and the necessity for continuous seru- 
tiny. Let us not confuse unavoidable radiation exposure with radia- 
tion hazard. Let us not lose sight of the multiple sources by undue pre- 
occupation with worldwide fallout. Let us not be so preoccupied with 
radiation in generel that we forget about industrial pollution of our 
environment in general by nonradioactive but toxic substances. 

Lastly, the incidence of leukemia was apparently increasing prior 
to the develepment of atomic energy. Why? 


Sapremainine Horrrmerp, Thank you very much, Dr. Cronkite, 
for that fine presentation. 
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Representative Hoxirretp. I think the committee is conscious of 
your deep feeling on the fact that regardless of how this testimony 
comes out in relation to the dangers of bomb testing at the rate they 
have been made, that there is a tremendous concern as to war with 
nuclear weapons. If the consensus of scientific opinion is that there 
has been no appreciable damage in testing at the rate we have had 
it to date, it is certainly not to be taken that there is any less danger 
from a full-scale nuclear type of attack in war. 

Are there any questions of Dr. Cronkite? 

Representative Coz. Yes, Mr. Chairman, I would like to ask 1 or 2. 

Doctor, for my edification, would you indicate the difference, if any, 
and the biological consequences in the exposure to cosmic radiation as 
against fission radiation ? 

Dr. Cronxite. I do not think there would be any qualitative dif- 
ference. I think it is purely a matter of quantity. The cosmic radia- 
tion is low, if it were possible to increase the cosmic radiation the 
effects to be expected would be the same as with any source of radia- 
tion—external penetrating radiation. 

Representative Cote. Then it is your understanding that the result 
and effect on the anatomy would be the same, whether from cosmic 
radiation or induced or artificial or fission radiation ? 

Dr. Cronxrte. I believe so, Mr. Cole. 

Representative Cote. From what you know of the observations that 
have been made as a result of the studies of the Japanese population, 
who are exposed to radiation from the weapons fission, did those lessons 
vary in any degree with the lessons and observations that have resulted 
from the Marshalleze people who were exposed ¢ 

Dr. Cronxire. The only significant difference in the response is the 
Japanese were not exposed to fission products deposited in their en- 
vironment but to the initial radiation from the bomb and accordingly 
did not have any skin burns resulting from radiation. Their skin 
burns were thermal in origin. 

I would say that there is remarkable correspondence. 

Representative Cote. I am referring to the Hiroshima and Nagasaki 
people; not the fishermen. 

Dr. Cronxite. I was referring to the Hiroshima and Nagasaki 
group. At Hiroshima and Nagasaki they were exposed to initial 
gamma radiation from the bomb. The fission products were not de- 
posited on the ground. So that the Japanese there did not receive 
any skin burns due to contacting material. In this respect the Mar- 
shallese differ from the Japanese because they had a mixture of the 
radiation injury produced by the penetrating component of the gamma 
rays from the fission products and by the direct contact of the ma- 
terial on the skin with the resulting beta burns. 

Representative Corr. You concluded your very fine statement with 
a rather imponderable question, and I am going to ask you to suggest 
possible answers to the question which ycu have raised. 
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Dr. Cronxrre. I think there are many possible answers. It has 
been abundantly proved for example that benzol and various other 
industrial poisons are also capable of inducing leukemia in experi- 
mental animals and presumably also man. If 1 my memory does not 
fail me, and I could document this, in the lithographing industry at 
one time there were a few cases of leukemia presumably induced by 
overexposure to benzol. Certainly, many of the things that are used 
in medicine, where a calculated risk is deliber: ately taken, for the 1 im- 
mediate welfare of a patient, occasionally one gets into trouble with 
drugs. 

There are many things I could think of. The heavy metals. There 
are numerous things in the industrial life of tod: ay that can be toxic 
and can produce the same th: ings that radiation does. 

Representative Coir. I was impressed by an observation made by a 
witness this morning which, as I recall, was to the eifect that since 
toxicity from radiation is a condition that is readily detectable by rea- 
son of our devices, that there might be an inclination to attribute the 
biological damage to that toxicity which is identifiable, rather than 
to another toxicity which might exist but which could not be so readily 
identified. 

Do you subscribe to that general observation ? 

Dr. Cronxrre. I cer tainly do, Mr. Cole. I think you have expressed 
it better than I can. 

Senator Bricker. Mr. Chairman, I have just one question. 

What is the ratio of body exposure to radiation from the cosmic 
rays and from the background material from the earth radiation ? 

Dr. Cronxite. I am sorry, I did not follow you. 

Senator Bricker. The ratio that the human body is exposed to from 
the cosmic rays coming from the atmosphere and that radiation to 
which we are exposed from the materials of the earth. 

Dr. Cronkite. I am fairly confident that it is larger from cosmic 

radiation than from the earth, but I would have to defer to somebody 
who has personally investigated this field, which I have not done. 

Representative Hourrteip. Thank you very much, Doctor Cronkite. 

Our next witness is Dr. Edward Lewis. He i is a professor of biology 
at the California Institute of Technology, and his present work is on 
the nature of the gene and mutational processes. He has a notable 
scientific background, and we will be glad to hear from Dr. Lewis at 
this time. 


STATEMENT OF DR. EDWARD LEWIS, CALIFORNIA INSTITUTE OF 
TECHNOLOGY + 


Dr. Lewis. Mr. Chairman, with your permission I would like to use 
the podium. 

Representative Hottrretp, You may proceed. 

Dr. Lewis. Mr. Chairman, I would like to thank you for this op- 
portunity to testify. I will confine my remarks to the subject of 


1Date and place of birth: ay * 1918, Wilkes-Barre, Pa. Education: B. A., Unt- 


versity of Minnesota, 1939; Ph. California Institute of Technology, 1942. Captain in 
USAF, 1942-46 (speci: aity~ “meteorology and oceanography). Fellow Of Rockefeller Founda- 
tion, 1948-49: Cambridge, England. Present position: Professor of biology, California 


Institute of T echnology, Pasadena, Calif. Present work: Nature of the gene and of the 


mutation process. Member of the Genetics Society of America and the American Society 
of Naturalists, (Submitted by witness.) 
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leukemia. I have been asked to do this, and I want to point out that | 
in doing so I do not wish to imply that I think that leukemia is the 
most important effect of radiation on man. I think in fact possibly 

the genetic effects may be more important. There may also be other 
malignant diseases that are more important than leukemia with re- 
spect to ionizing radiation. 

However, the reason that I am stressing leukemia today is that we 
have rather good data and rather good ev vidence on leukemia as com- 
pared to di ata on other effects on man from ionizing radiation and it 

is this evidence I would like to go into today. 

I would like to present this evidence by means of this chart. A de- 
tailed account - this evidence has been recently published in Science 
(vol. 125, pp. 965-972). 


== RADIOLOGISTS 
@ A-BOMB SURVIVORS 












¢ 
INDLCED _ ® X-RAYED INFANTS | 
LEUKLMIA : O X-RAYED ADULTS \ 
rR eer 8 
MILLION [ 
PERSONS ‘ 0 
PER - 
50 14 
YEAR °YY- Sooo ss Siapeanien?: cima 
O O 
6 39 7 7 
. i eae I i Aa sR ae ON ea eed el 
O eee 500 [000 


RADIATION DOSE (rem) 


Summary of incidences of induced leukemia among various groups of persons 
subjected to ionizing radiations. The numbers under the circles refer to the 
number of cases of leukemia that are estimated to have resulted from the 
radiation. ‘X-rayed infants” refers to children treated for thymic enlarge- 
ment. ‘X-rayed adults” refers to patients with ankylosing spondylitis. (Ref- 
erences to the original literature and methods of estimating incidence of radia- 
tion-induced leukemia and radiation dose are contained in Science, vol. 
125, pp. 965-872. May 17, 1957.) 


This chart shows radiation dose along the bottom in the rem unit 
which Dr. Taylor talked about this morning, essentially the same as the 
roentgen unit. We use it here because we are going to include some 
information on atomic bomb survivors whose total irradiation in- 
cluded a percentage due to neutrons, possibly 10 to 20 percent. 

Along here we have induced leukemia per million persons per yea 
The first thing we might consider are the circles. These are peo- 

le who have died of leukemia as a result of a sudden dose of radiation. 
Ve all know about the atom bomb survivors receiving varying 
amounts of radiation in Hiroshima and Nagasaki as a result of the 
August 1945 bursts. These points are shown in blue. The largest 
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number we have is shown here as 39 persons estimated to have died of 
leukemia as a result of radiation. ‘There were actually in a certain 
zone in these cities 41 persons who died of leukemia, and who were 
estimated to have obtained approximately 250 rem units. Of the 41, 
39 are those we would estimate died from the radiation. The remaining 
2 would have been expected to die as a result of the natural leukemia 
incidence within the population. ‘This result is based on some 14,000 
people. The period of time is almost 8 years. (This is a study from 
1948 to 1955—September of 1955—and that is a 7.8 year period). 

Representative Corr. Mr. Chairman, in order that we might have 
s better understanding of the observations which the chart discloses, 
may I inquire if this chart reflects the studies on all of the people 
affected by both the atom weapons or 1 of them or a segment of 1 of 
them? ‘thirty-nine out of perhaps 5,000 persons might be significant. 
If it is 59 out of 500,000 it would be less significant. ‘In order to re: ully 
evaluate and appreciate the significance of the chart I think we should 
know the extent or the area included in the observation. 

Dr. Lewis. Thirty-nine of the 14,000 in this particular case, sir, is 
the number of cases of leukemia in a certain zone in both cities—a 
certain area, namely in this particular case, extending from 1,000 to 
1,500 meters from the point on the ground under the bursts. ‘The 
combined total number of people in this area in both cities was 14,000, 
approximately, from census estimates in 1950. 

I might add that these data have been published by other investi- 
gators and collected by a great number of people. ‘The only thing 
that we do here is to relate incidence of leukemia to dosage. This has 
not been done before for the reason that the Atomic Bomb Casualty 
Commission did not have the doses for so relating the incidence of 
leukemia. 

There are 18 cases of leukemia which have arisen in the zone from 
zero to 1,000 meters from the point on the ground under the aerial 
bursts in Hiroshima and 1 Nagasaki i. There were only approximately 
1,800 people who survived in that zone and among these the 18 cases 
of leukemia accumulated over the 7.8 years. This is about a 1 percent 
incidence of lenkemia. ‘The average absorbed dose in this case is esti- 
mated to be about 650 rem. 

This point down here represents six people, a very small number of 
persons as far as our purposes here are concerned, which are to try 
to relate the dose to the incidence. There were in fact 10 persons who 
have died already in this region from leukemia, among approximately 
23,000 people who were exposed in this dose range. ‘That is, the com- 
bined total in the 2 cities of Hiroshima and Nagasaki was 23,000 per- 
sons who were beyond the 1,500 meter point and who were between 
1,500 meters and 2,000 meters. 

Of the 10 persons who died of leukemia, 4 would have been expected 
to have died on the basis of the spontaneous incidence. That leaves 
six, which is the expectation for the number who have died from 
A-bomb radiation. That is a low number and is subject to consider- 
able error. The average absorbed dose in this region is estimated to be 
only 25 rem, and the maximum possible dose in this region was 100 rem. 

I call your attention to the fact that we haven’t much information 
in this part of the curve and yet that is the part of the curve that we 


are interested in here because we are considering small amounts of 
radiation. 
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I will only quickly point out that there have been children who have 
received a rather large dose of radiation, some averaging possibly any- 
where between 100 and 300 of these units. They have an increased 
rate of leukemia which is statistically significant. There were 7 cases 
of leukemia in a group of some 1,400 children in this case. These 
7 have developed leukemia after having been X-rayed as infants for a 
chest condition; 6 of these is the number that we would estimate were 
due to radiation, because at best only less than 1 is expected from the 
natural incidence of leukemia. I have been referring to a study by 
Dr. Simpson and associates. 

A study is being made in Great Britain by Dr. Court Brown and 
colleagues of X-rayed adult males who had been treated for a serious 
spinal abnormality which is alleviated to some extent by this treat- 
ment. 

In this case we have in the orange circles different treatments given 
to 11,287 male patients in Great Britain. These are the numbers of 
individuals, and this [indicating] would be the rate of leukemia. It 
is a significantly increased rate. They were irradiated only in partial 
body form to the spinal area, and seemed to develop only the kind of ' 
leukemia that stems from the bone marrow and hence it is possible that 
the total leukemia rate per unit of radiation dose would be higher 
by a factor of 2 (shown by the dashed vertical lines). 

As I said, these are acute doses of radiation—sudden doses. We are 
interested in slow chronic radiation exposure. We have some evidence 
on this which has been accumulated again by a number of investi- 
gators. I refer to a group of occupationally exposed persons, namely 
radiologists. The period of time that we are going to talk about is 
from 1938 to 1952, inclusive. It is estimated that 14 radiologists died 
of radiation-induced leukemia out of 17 who died of leukemia. That 
is, three might have been expected according to the spontaneous inci- 
dence figures. This is corrected for the fact that we would expect 
radiologists to have a higher rate of leukemia than the United States 
white male population owing to differences in age composition. 

The long range here means that we do not know what dose radiolo- 
gists got because, as we know, they got it as a chronic exposure over 
many years. 

I point out that we estimate that somewhere around 250 to 300 r. 
units or rem units would be the accumulated dose for their mean 
period of occupational exposure and that period is about 25 years, as 
it turns out, 

Representative Corr. Mr. Chairman, may I inquire with respect to 
the radiologists over a period of 14 years, from 1938 to 1952? You say 
that 14 out of 17 radiologists who died from leukemia were traceable 
to their work. That is a total of 17 radiologists who died as a result 
of leukemia out of how many radiologists? 

Dr. Lewis. 1,860, sir. That population developed from a figure of 
about 1,300 in 1938 and has increased by 1952 to about 2,500. But the 
average for that period was 1,860 radiologists. Also, only radiologists 
who were at ages 35 to 74, inclusive, during the 1938-52 period are 
considered here. 

I want to point out now that one can draw various curves to express 
these data. I have drawn here a straight-line curve which would say 
that the incidence of leukemia is directly proportional to the dose. I 
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feel that the evidence supports this to some extent in the high-dose 
region. In the low-dose region here, there is a dashed line, and there 
are only six individuals on which to say anything. The point here, 
however, is that in the absence of any other information it seems to 
me—this i is my personal opinion—that the only prudent course is to 
assume that a straight-line relationship holds here as well as elsewhere 
in the higher dose region. 

It may be that there is a threshold—that is, a dose below which 
leukemia will not develop. However, we can say safely, I think, that 
if there is a threshold dose it must be below 100 r. The reason for say- 
ing that is that in the region below 100 r. you would not expect to have 
gotten the 6 cases of leukemia as a result of chance more than 1 in 50 
times. 

I would like to point out one figure that we are very sure of, and 
that is simply the spontaneous incidence of leukemia in this country. 
This is 10,000 deaths from leukemia per year in the United States in 
1954. It is actually 10,500, but in round numbers 10,000 is the number 
who die of leukemia in this countr y at the present time. 

If we use this straight line and assume it is a straight line in the 
low-dose regions—as far as I can see there is little reason to believe 
that this is not the correct assumption in this region—then we can 
make some simple calculations, making use of that line. These caleu- 
lations come out as follows: 

One thousand deaths from leukemia per year is what we would ex- 
pect from natural background radiation. The natural background 
radiations include cosmic rays, and radiation from rocks, buildings, 
and the radioactive isotopes in the human body. We receive a dose 
rate of 100 millirem, or one-tenth of an r. unit, per year from such 
sources. ‘That is approximate. It varies somewhat from place to 
place and from time to time and therefore it is not quite clear what 
the precise figure is. 

We see from this that if the straight-line relation holds, there are a 
fair number of cases actually attributable to the natural radiation. 
There are some other figures here that are of interest. The figure that 
we were given of 14 mi Ilion rem per million people per genera ation this 
morning by Dr. Taylor would work out to be aerate ‘ly five- 
tenths of a rem per yerr—not quite—0.47 rem per year. That would 
be the new public’s permissible dose that was tenia T believe, par- 
ticularly with the gonadal dose in mind. But you can’t avoid th: ut dose 
for the whole body as well in most procedures, so that such a dose 
leads to a sizable number of leukemia cases compared to the sponta- 
neous incidence. 

Representative Hormrmenp. What does that lead to? What would 
be the number that five would lead to? Would it be 5 times 1,000? 

Dr. Lewis. Do you mean this? [indicating], namely 5,000 cases 
per year. 

Representative Horirrerp, Yes. Assuming that 0.5 r. per year is 
the burden of your argument that it would increase the 1 000 cases 
to 5,000 per year. 

Dr. Lewis. It would add the 5,000 to the 10,000 total. The new 
proposed permissible dose for the United States public, would lead 
to 5,000 cases per year on this calculation, of which 1,000 cases per 
year would be due to the natural background. So 4,000 cases per 


year would be the added rate. 
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As far as fallout is concerned, which is the relevant thing today, 
I think 0.001 r. is a conservative rate per year that one can estimate 
we have at the present time reached on the basis of an estimate that 
was given to the Genetics Committee of the National Academy of 
Sciences; namely, that the United States now gets one-tenth of an r. 
per generation—per 30 years—from fallout. One-tenth of an r. per 
30 years corresponds to three one-thousandths of an r. per year. I 
have not used 0.003 because it is possible that the whole body absorp- 
tion dose would be less than this. So we take 1 milliroentgen (0.001 r.) 
per year as a conservative rate. Then if we reach this level and main- 
tain it continuously, that leads to 10 as the number of deaths from 
leukemia per year from fallout sources. We have not had this ex- 
r»osure long enough to make it 10 per year as yet. This exposure would 
ae to go on for 60 years. That sounds like a long period of time. 
However, radiation from strontium 90 in the bones will help to con- 
tribute at least this high a dose rate for quite a while to come be- 
cause of the retention of strontium 90 in the bones and because of 
its long half-life (28 years). 

This particular estimate of 10 deaths from leukemia per year at the 
present fallout rate would not be this high at the present moment in 
the United States. I do not think it would be higher than 1 to 3 
deaths per year at the present time from fallout that has accumu- 
lated so far. In terms of our population that is a very minute frac- 
tion of the population—an exceedingly minute fraction—but after 
all, it does correspond to somebody. 

Thank you. 

Representative Horirrecp. Thank you very much, sir. 

Senator Anperson. Did you say if a threshold exists at all it must 
be below 100 r. for the Hiroshima-Nagaski victims ? 

Dr. Lewis. Yes, sir. 

Senator Anperson. Is that not about the lowest we have had yet 
on that ? 

Dr. Lewis. I think it is for human beings. There are data indi- 
cating that in mice such a dose would be still lower. 

Senator Anperson. I am talking about human beings. 

Dr. Lewis. Yes. 

Representative Hortrietp. In the concluding part of your statement 
you say that if the present population of the United States were to 

constantly exposed to 100 sunshine units of strontium 90, the pre- 
diction calculated in this way is that 500 to 1,000 cases of lenkemia 
would occur annually froni this source alone. 

The direct proportionality law further predicts that constant ex- 
posure to 1 sunshine unit of strontium 90 would be capable of pro- 
ducing from 5 to 10 cases of leukemia annually in the United States 
population. You have illustrated that by the chart. 

So the position that you take, then, is that any radiation would 
have an effect and that therefore there is a threshold. 

Dr. Lewis. Isnot a threshold. 

Representative Hoirrerp. Is not a threshold, I should say. 

Dr. Lewis. That is right. The threshold concept would say that 
you would not get any leukemia at all until you reach, say 500 r., which 
in a sense was the assumption when it was thought you could safely 
accumulate radiation as an occupational worker at a rate of 15 r. per 
year. Now we have more information that says, no, the threshold 
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dose had better be put well below 500 r. I would say we must put it 
well below 100r.; in fact, I doubt that a threshold exists. 

As far as I can see from analogy with phenomena of genetics, which 
is my field, there is a possible theoretical basis for predicting that there 
would be no threshold, namely, if leukemia is due to a somatic muta- 
tion. That is the interest of geneticists in this disease. However, 
these calculations do not assume that leukemia is due to a mutation. 
It does not matter what leukemia is due to; if this line continues as a 
straight line to zero then these calculations are valid. 


Representative Horrrretp. Are there any further questions? 
Tf not, thank you, Dr. Lewis. 


(A statement and an article entitled “Leukemia and Ionizing Radia- 
tion,” by Dr. Edward Lewis, follows:) 


STATEMENT BY E. B. Lewis, JUNE 3, 1957 


Exposure of human beings to radioactive fallout is expected to have two types 
of biological effects: (1) genetic effects on the descendants of the exposed indi- 
viduals, and (2) direct effects on the exposed individuals themselves. The present 
testimony is restricted to considering one of the direct effects; namely, the induc- 
tion of a specific malignant disease, leukemia. 

In recent years, a number of investigators have been making careful followup 
studies of persons who are known to have been exposed to man-made sources 
of radiation. These studies have provided us with abundant evidence that 
radiation induces leukemia in man, The following four groups of people have 
been the principal ones investigated: (1) survivors of the atomic bomb bursts over 
Hiroshima and Nagasaki; (2) patients irradiated with X-rays for the purpose 
of alleviating a spinal abnormality (ankylosing syondylitis); (8) children ir- 
radiated with X-rays as infants for the purpose of alleviating an enlarged thymus 
gland; and (4) radiologists, who, of course, are occupationally exposed to ioniz- 
ing radiations. 

For each of the above four groups of persons, it is possible to make estimates 
of the doses of radiation which they received and then to relate such estimates to 
the number of cases of leukemia that developed subsequent to the irradiation. 
When this is done, it is found that the incidence of the disease tends to vary in 
direct proportion to the dose of radiation. That is, doubling the dose tends to 
double the number of people who will develop radiation-induced leukemia, other 
factors being equal. 

The Japanese survivors and the X-rayed patients were subjected to sudden 
doses of radiation, whereas the radiation from current levels of radioactive 
fallout is expected to be delivered gradually over many years with only a very 
small amount occurring at any one instant. How effective, then, is chronic 
irradiation in producing leukemia? Radiologists have received their radiation 
as a chronic occupational exposure extending over many years and in relatively 
small amounts at any one time. Yet, radiologists die of leukemia at a rate which 
is about five times that expected if they had received no occupational exposure 
to radiation. Also, radiologists seem to have about the same chance of develop- 
ing leukemia, after a given dose of radiation, as do the survivors of atom-bomb 
radiation or the patients treated with X-rays. 

The above findings suggest that the small amounts of radiation which are 
expected to accumulate from radioactive fallout may also be effective in pro- 
ducing leukemia. It should be noted here that there are two routes by which 
fallout may exert its effects. Mixed fallout products outside the body emit long- 
range or gamma radiation which then can cause whole-body irradiation. Fallout 
products also emit short-range radiation which will be effective as far as leukemia 
is concerned when the fallout products are ingested into the body. Here, radio- 
strontium is especially important since it accumulates near the bone marrow 
where certain types of leukemia are thought to originate. 

Recently there have been suggestions that the public would not suffer any 
appreciable effects if the body level of strontium 90 were to reach 100 sunshine 
units of this element—this is an amount which is one-tenth that permitted work- 
ers with radioactive materials. Now, if the direct proportionality law continues 
to hold at even the lowest dose levels—and there is little reason to believe it will 
not hold—then it becomes possible to calculate the number of cases of leukemia 
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that will arise if, for example, the present population of the United States were to 
be constantly exposed to 100 sunshine units of strontium 90. The prediction 
calculated in this way is that 500 to 1,000 cases of leukemia would occur annually 
from this source alone. The direct proportionality law further predicts that con- 
stant exposure to even one sunshine unit of strontium 90 would be capable of 


producing about 5 to 10 cases of leukemia annually in the United States 
population. 





[Reprinted from Science, May 17, 1957] 


LEUKEMIA AND IONIZING RADIATION? 
(By E. B. Lewis) 


Quantitative estimates of the genetic effects of ionizing radiation on human 
beings have been carried out by a number of investigators (1-3). Estimates of 
this kind involve extrapolating from induced mutation rates in such organisms 
as Drosophila and mice. Quantitative estimates of the somatic, or direct, effects 
of radiation must also be attempted if the biological hazards of ionizing radia- 
tion are to be fully assessed. In the case of direct effects, it is particularly diffi- 
cult to extrapolate from results with lower organisms, and it becomes important 
to have data on man himself. 

It is the purpose of this article to examine the evidence for the induction of 
leukemia in man by ionizing radiation. Although ionizing radiation has been im- 
plicated in the production of other human malignancies, such as bone tumors 
(4) and thyroid carcinoma (5, 6), only the data on induction of leukemia seem 
sufficiently extensive to warrant a study at this time of the quantitative relation- 
ship between incidence of the disease and dose of radiation. Evidence bearing 
on this relationship is drawn from studies of leukemia among four groups of 
individuals: (i) Survivors of atomic bomb radiation in Japan; (ii) patients 
irradiated for ankylosing spondylitis; (iii) children irradiated as infants for 
thymie enlargement; and (iv) radiologists. An estimate of the probability of 
developing leukemia per unit dose of radiation (7) per time unit is derived for 
each of these groups. This probability of radiation-induced leukemia is dis- 
cussed and its application to a specific example of a possible radiation hazard— 
namely radiostrontium—is outlined, Certain properties of the disease, relevant 
to the radiation studies, are presented first. 


DESCRIPTION OF THE DISEASE 


Leukemia is a malignant disease in which the leucocytes undergo a more or 
less unrestricted proliferation. The “acute” form of leukemia differs from the 
“chronic” form, not only in being usually of shorter duraticn, but also in being 
a more severe disease with a higher percentage of immature white blood cells 
in the circulating blood. Another classification of the leukemias is based on the 
type of white blood cell predominating in the marrow or in the circulating blood. 
The two most common of these types are known as granulocytic (or myelogen- 
ous) and lymphocytic (or lymphatic). The presumption is that the granu- 
locytie type arises in the red bone marrow. The lymphocytic type is thought to 
arise in the lymphatic elements of the blood-forming system (thymus, spleen, 
and other lymph glands), although the marrow is not excluded as a source for this 
type. 

SPONTANEOUS INCIDENCE OF LEUKEMIA 


In 1947 Sacks and Seeman (8) reported that the recorded death rate from 
leukemia had increased steadily from 1900 to 1944 and at an accelerated rate 
after 1930. The death rate has continued to increase (9). By 1954 the crude 
mortality rate for leukemia among the United States white population had 
reached 68 per million individuals per year (10) compared with 42 per million 
in 140 (11). The male and female crude death rates in that population were 
79 and 58 per million per year, respectively, in 1954 (10). The observed in- 
crease in death rate from this disease may be partly due to improvements in 
diagnosis. Other factors may also be responsible, such as the increased ex- 
posure of the population to ionizing radiations employed in medicine and den- 
tistry, as was recently discussed by Dameshek and Gunz (12). 





1 Dr. Lewis is professor of biology at the California Institute of Technology, Pasadena, 
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MacMahon and Clark (13) have recently studied the spontaneous incidence 
of the common forms of leukemia. They have attempted to determine the total 
number of valid cases diagnosed among residents of the borough of Brooklyn 
from 1948 to 1952, inclusive. In this study the over-all ratio of acute to chronic 
forms among the white population was nearly 1/1 (726/732), but there were 
marked differences in the incidence of these two forms with respect to age 
at time of diagnosis, as is shown in table 1 (14). The ratio of granulocytic to 
lymphocytic types in the Brooklyn study was 1.6/1 (512/318). 


LEUKEMIA IN HIROSHIMA AND NAGASAKI 


Studies of the incidence of leukemia among survivors of the atomic bomb 
bursts over Hiroshima and Nagasaki have established that ionizing radiations 
induce leukemia in man (15-17). Table 2 summarizes the incidence of leukemia 
in terms of four concentric zones about the hypocenter (the point on the ground 
under the aerial burst). This table includes only those cases of leukemia which 
were (i) diagnosed during the period January 1948 to September 1955, inclu- 
sive; (ii) resident in the city at the time of diagnosis (Hiroshima) or at the time 
of death (Nagasaki) ; and (iii) considered by several criteria to be valid cases 
of the disease (18). For each zone, the estimate of the number of exposed sur- 
vivors resident in Hiroshima as of October 1950 (17) has been combined with 
the corresponding number for Nagasaki (15) to obtain a combined population 
estimate for both cities. 

Lange et al. (16) have studied the pattern of types of leukemia in the ex- 
posed and unexposed populations of Hiroshima and Nagasaki. They conclude 
that radiation induces the same pathological types that are found spontane- 
ously and, as far as can be judged by the limited data, induces them in roughly the 
same relative proportions that occur spontaneously. This is especially evident 
in the case of chronic lymphocytic leukemia, which is rare in both the exposed 
and unexposed Japanese populations, whereas it is the most common form of 
leukemia after age 50 in the United States (13). Lange et al. found no marked 
influence of sex or age on the incidence of leukemia among the exposed popula- 
tions. However, they point out that, for a number of reasons, the data are not 
very satisfactory for assessing the incidence in individuals under 5 years of 
age (19). 


TABLE 1.—The spontaneous incidence of leukemia for the white population of 
Brooklyn, N. Y., 1943-52, according to chronicity—Data of MacMahon and 
Clark (13) 











Percentage Incidence per million per year ! 
Age in age 
interval 
Acute Chronic Total 
0to9 15.3 48 1 49 
TOP i sstebccccb end taninctinacahedeinsenmiain 13.5 24 2 26 
DET sai tc kien cabin ein tia ited 16. 5 12 6 18 
30 to 39 16.5 20 14 34 
40 to 49 14.8 22 28 50 
50 to 59. 11.8 44 64 108 
60 to 69 7.6 58 133 191 
70 and over 3.9 59 182 241 


1 The incidence of subacute and unknown types of leukemia have been allocated to the observed incidences 
for the acute and chronic forms in the proportions in which the latter were diagnosed at each age interval (14). 


The published accounts of leukemia in Hiroshima and Nagasaki have not con- 
tained estimates of the doses received by the bomb survivors. Recently, however, 
distance-dose curves for these cities have been published (20). These curves give, 
for each city, the relationship between the slant distance from the burst and the 
“air” (unshielded) dose of gamma rays and of neutrons. From this information, 
curves have been constructed (fig. 1) showing the relation between distance 
from the hypocenter and the combined “air” dose from gamma rays and neu- 
trons (fig. 1) in rem (7). In computing the latter dose, it has been assumed that 
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the relative biological effectiveness (RBE) of neutrons for inducing human 
leukemia is 1.7. This value is chosen since Dunning has recently stated that 
“for generalized whole-body effectiveness it is thought that 1.7 is a reasonable 
representative value for neutrons from a nuclear detonation” (21). This is be- 
lieved to be a conservative estimate for the RBE, since Upton et al. (22) found 
that the RBE for induction of leukemia in mice by fast neutrons is somewhat 
lower than this. 

In the absence of precise knowledge of the distribution of survivors within the 
different zones about the hypocenter, it is conservative to take the mean “air” 
dose for a zone as the average “air” dose received by survivors in that zone. The 
zone from 0 to 999 meters, which is designated here as zone A, is a special case, 
however, since there was heavy mortality near its center. The mean dose for this 
zone has been computed for the portion of this zone extending from 850 to 999 
meters. The majority of leukemia cases in zone A occurred in this latter region 
(15); moreover, 2 (among 5) cases at a distance closer than 850 meters had 
the type of shielding specified, and in each case it was listed as heavy (18). 
Since the doses for the two cities are slightly different at a given distance from 
the hypocenter, the average value of these two doses is used without correct- 
ing for differences in population size. In this way, a dose of about 1800 rem is ar- 
rived at for zone A. For zones B (100 to 1,499 meters) and 3 (1,500 to 1,999 
meters), the mean doses are approximately 500 rem and 50 rem, respectively. 
At 2,000 meters the dose has fallen to 14 rem and by 2,500 meters to less than 5 
rem. Since the majority of the population in zone D (from 200 meters on) 
was beyond 2,500 meters, the average dose is under 5 rem and is thus so low that 
zone D can be treated as if it were a “control” zone. 

The relation of dose, estimated as described in the preceding paragraph, to 
the incidence of leukemia per year, based on the combined Hiroshima and Naga- 
saki data, is shown in table 38. The incidence per year in the “control” zone, 
D, is subtracted from the incidence in each of the other zones to obtain the “in- 
cidence of induced leukemia per year” in these zones. The values of the inci- 
dence of induced leukemia are likely to be minimum ones, since, as Lange et al. 
have noted, “some cases of leukemia have undoubtedly been missed and other 
cases have been omitted because of lack of adequate material to confirm the diag- 
nosis” (16). The incidences of induced leukemia in zones A, B, and C have been 
divided by the respective means “air” doses in rem, derived in the preceding 
paragraph, to give estimates for the probability of induced leukemia for these 
zones. The values for this probability are seen to range from 0.7<10-—* to 
0.9X10—-* per individual per rem per year. These are minimum estimates of 
the probability of induced leukemia, since the survivors were shielded in varying 
degrees from the “air” doses, calculated in the preceding paragraph. The 
shielding of survivors has two major components: (i) the body’s own shielding 
of its blood-forming tissues by the surrounding bone and soft tissues; and 
(ii) external shielding by buildings or other shelters. A shielding factor of 
2 is believed to be a conservative one for correcting for both of these com- 
ponents—the true factor might be at least 4 (23). The “best” estimate for 
the probability of induced leukemia from these data is, therefore, taken as 
approximately twice the aforementioned minimum estimates of 2x10-* per 
individual per rem per year (of the 7.75-year period). A rought range for this 
probability is 0.7 X 10-*to 4 K 10-*. 
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Ficure 1. Distance-dose curves for atomic bomb blasts at Nagasaki and 
Hiroshima, 


LEUKEMIA AND ANKYLOSING SPONDYLITIS 


Court Brown and Doll (24) and others (25, 26) have investigated the incidence 
of leukemia among patients treated with X-rays for ankylosing spondylitis—a 
hereditary disease of the spine. Among 11,287 male patients irradiated during 
the period from 1935 to 1954, inclusive, 37 cases of leukemia were discovered, 
The average period of followup of these patients was ‘just under 5 years” (24). 
The distribution of cases by amount of treatment, measured as Maximum dose 
in roentgens (7) to the spinal marrow, is shown in table 4. A highly significant 
increase in the incidence of leukemia is apparent among those receiving the 
heavier treatments. 

Court Brown and Doll have estimated the expected incidence of leukemia in a 
comparable group of unirradiated normal males as 50 cases per million individ- 
uals per year. Subtraction of this expected incidence from the observed in- 
cidence of leukemia per year in the irradiated patients gives an estimate of the 
incidence of radiation-induced leukemia per year. This calculation has been 
carried out for each of the groupings of leukemia cases according to amount of 
treatment. For each such grouping between 500 and 2,750 roentgens, an average 
maximum dose to the spinal marrow is taken as the midpoint of the dose range 
(for example, for leukemia cases developing after treatments ranging from 500 
to 999 roentgens, 750 roentgens is taken as the average dose). By dividing the 
calculated incidence of radiation-induced leukemia for each of the four groupings 
of this kind (col. 5, table 4) by the respective average maximum dose (col. 2, 
tavbie 4), a set of four minimum estimates of the probability of leukemia per 
individual per roentgen (to the spinal marrow) per year is obtained. These 
latter estimates are seen to range from 0.3X10° to 0.610° per individual per 
roentgen per year (col. 6 of table 4). It seems likely that the absorbed dose to 
the entire red-marrow system would be lower than the stated doses to the spinal 
marrow by a factor of at least 2 or 3. Therefore, it is estimated that the prob- 
ability of leukemia ranges from about 0.610 to 210° per individual per rad 
(to the red-marrow system) per year. 
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TasLe 2.—Incidence of leukemia among the combined exposed populations of 
Hiroshima and Nagasaki by distance from the hypocenter (January 1948- 
September 1955) 


_— 





Estimated Number of 








Distance from population confirmed Percentage 
Zone hypocenter (m) of exposed cases of of leukemia 
survivors leukemia 
(October 1950) 
ME ce A iy ar aes td D608 ae cece cos 1, 870 18 0.96 
a ee | 1,000 to 1,499.......... 13, 730 41 .30 
na ee te ae Be ly) See 23, 060 10 . 043 
ce i a ee eS a cae | 2,000 and over 


156, 400 26 | ‘017 


| 000.and over......... 


TasLe 3.—Incidence of leukemia per year among the combined exposed popula- 
tions of Hiroshima and Nagasaki (January 1948 to September 1955) in relation 
to dose of radiation (gammas plus neutrons) 





Incidence of | Probability 





Averave Incidence of | radiation- of leukemia 

Zone maximum leukemia induced per individ- 

dose (rem) per millicn leukemia ual per rem 

per year per million per year 
per year 
De cei did nese mhuenindinediudsdenaameuiadeaee 1, 300 1, 200 1,179 0.9x10-* 
kt cc dgiletshnddenetpates’andawelre du chanics 500 390 369 st xlos 
at cack iota tes wes elds Be Aa aE m0 56 35 -7Xi10-4 
Pe iewiidide teniemeiaaneadcwesk onion deamon 5 21 | 


LEUKEMIA AND THYMIC ENLARGEMENT 


Simpson et al. (6) have traced a series of 1,400 individuals who had irradi- 
ated as infants for an enlarged thymus condition. The average period of fol- 
lowup appears to have béen about 15 years. As a “control” 1,795 unirradiated 
siblings were also traced. In the irradiated group there were 7 confirmed cases 
of leukemia (and 1 unconfirmed case), while there was none in the control group. 
The calculated number of cases of leukemia that would have been expected in 
a sample of comparable size and age from the general population was 0.6. The 
difference between this expectation and the observed number of cases (seven) 
is statistically significant (P less than 0.01). 

In the majority of the 1,400 infants, the radiation (X-rays) had been more 
or less restricted to the chest region. It was estimated that the air dose to the 
thymus region was more than 200 roentgens (“the great majority being less than 
600 r’) in 57 percent of the treated individuals and under 200 roentgens in the 
remainder. The average absorbed dose to the entire lymphatic system is roughly 
estimated as 100 to 300 rad. On the basis of these dose estimates, the probability 
of leukemia ranges from 1X10° (6.4/15X1,400X300) to 3x10° per rad (to 
the lymphatic system) per individual per year. The number of cases (seven) on 
which this estimate is based is, of course, small. The 95-percent confidence inter- 
val for an observation of 7 when the frequency is as low as in the present case 
lies between 3.3 and 13.2 (27). Therefore, the probability of leukemia in the 
thymic enlargement group may well range from 0.4X10-® to 6X10-® per rad 
(to the lymphatic system) per individual per year. 


LEUKEMIA AMONG RADIOLOGISTS 


March (28, 29) and others (30, 81) have called attention to the fact that 
among physicians the percentage of deaths from leukemia is much higher for 
radiologists than for physicians who are not radiologists. The percentage of 
deaths that are due to leukemia can be a misleading statistic, however, since it 
is sensitive to differences in age distribution between the groups of individuals 
being compared. Such differences are marked in the case of radiologists, on 
the one hand, and all physicians, on the other, as is discussed later. To assess the 
radiation factor in the leukemia among radiologists, it becomes necessary to 
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estimate (i) the death rate from leukemia among radiologists (the number 
of deaths per total number of living radiologists), and (ii) the expected death 
rate from leukemia among radiologists if they had received no occupational ex- 
posure to radiation. 


TABLE 4.—Incidence of leukemia among ankylosing spondylitis patients recciv- 
ing different doses of radiation (X-rays)—Data from Court Brown and Doll 
(24) 











| 
| | | \inalidemen of| Probability 
| | Crude | radiation- | of leukemia 
Estimeted | Number | incidence | induced | per indi- 
Maximum dose to spinwl marrow (r.) average | of males | per miliion| leukemia vidual 
| maximum | developing | males per | per million} per r. (to 
| dose (r.) leukemia | year |} males per | spinal 
j yeur m2rrow) 
per year 
cs tN Te es ee | 0 Una ciiess see ee 
RN 2 rs gi ee Fe Ns Si oa % 2 220 | WU ks oe 
B55 scion eemavaeatcmadnaens 750 | s 410 360 | 0.5X10-% 
ORR on ee reer ee | 1,259 | s 4%) 370 | «0.310% 
SS et ated dee | 1,750 | 8 1, 130 | 1,080 | 0.6X10-6 
OR as oo ee a Ele ee eee | 2, 375 6 1, 300 1, 250 | 0. 5X 107% 
SFI OF MRO. 6 .ntadaieiameriaanen aise ipsa tintacaica ts 5 | BAO An cnidaantnieael s cthcantasaase dati 





The study of motality among medical specialists by Dublin and Spiegelman 
82) has been used here as a guide in computing the afore-mentioned rates and 
as source of data for the years 1938 to 1942, inclusive. The latter data and ad- 
ditional data for the years 1943 to 1952, inclusive, are summarized in table 5. 
The term radiologist is restricted here, following Dublin and Spiegelman, to 
those physicians who were listed in editions of the American Medical Directory 
(33) as limiting their practice to radiology (and roentgenology). Since only 
deaths occurring at ages 35 to T4 yeurs, inclusive, were included in the mortality 
siudy for 1938-42, the same practice is adopted here for the supplementary 10- 
year period. 

In order to estimate the mean annual population of radiologists at ages 35 to 
74 years, during the entire 15-year period from 1938 to 1952, the age distribution 
of radiologists is required. This ege distribution for the year 1940 was com- 
puted by Dublin and Spiegelman from the 1940 edition of the American Medical 
Directory and is shown in table 6. The age distribution for a similar group of 
radiologists in 1950, also shown in table 6, has been computed (384) by refer- 
ence to the 1950 edition of this directory. The 1940 age distribution was 
based on a total of 1595 radiologists of whom 1451.5 (91.0 percent) can be in- 
ferred to have been at ages 35 to 74 years, inclusive (32). The 1950 age dis- 
tribution was based on a total of 2443 radiologists of whom 2250 (92.1 percent) 
are calculated to have been at ages 35 to 74 years, inclusive, as of July 1, 1950, 
The mean number of radiologists (at ages 35 to 74) per year from 1938 to 1952, 
inclusive, is roughly approximated as 1850.7, which is the average of the number 
of such radiologists in 1940 and the corresponding number in 1950. 

Deaths from leukemia occurring at ages 35 to 74 years, inclusive, among 
radiologists have been located in several ways with the results shown in table 5. 
For the period from 1938 to 1942, inclusive, five such deaths are recorded by 
Dublin and Spiegelman. For the period from 19438 to 1948, inclusive, the care- 
fully documented studies of March (28, 29) record eight such deaths. For the 
remaining 4-year period from 1949 to 1952, inclusive, four additional deaths 
from leukemia have been located by reference to death notices in a medical 
journal (35). Thus, a minimum of 17 deaths from leukemia has been located 
among radiologists who died between the ages of 35 and 74 years during the 15- 
year period from 1938 to 1952. The upper and lower 95-percent confidence 
limits for this observation of 17 deaths are 25.5 and 10.8 deaths, respectively 


27). Thus, a likely range of values for the average death rate from leukemia 


among radiologists at ages 35 to 74 years is 390 (10.8/15X1850.7) to 920 
(25.5/15 1850.7) deaths per million per year, and the “best” estimate is 610 
(17/15X1850.7) deaths per million per year (of the 1938-52 period). 
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Table 5.—Deaths and death rates from leukemia among radiologists, at ages 35 
to 74 years, by 5-year periods from 1938 to 1952, inclusive 





Estimated 





Observed Expected | Incidence of 
number of | Number of | death rates | death rates | radiation--in- 
Period radiologists | deaths from | per million per million | duced deaths 

}at mid-point | leukemia | per year | per year per million 





| of period 

















| per year 
ea a A eee 1,451.5 5 690 | 101 589 
ia a ee a a 1 (1, 850. 7) 6 650 | 1 (121) 429 
ES a ae See 2, 250. 0 6 §30 | 141 | 39 
ee ae ee eee 1 (1, 850. 7) 17 610 1 (121)| 489 








1 The arithmetic average of the values for the 1938-42 and 1918-52 periods. 


The expected death rate from leukemia among radiologists, if they had re- 
ceived no occupational exposure to radiation, is estimated by first calculating 
the death rate they would have experienced if subject to United States white 
male death rates from leukemia. This calculation has been made for a 3-year 
period from 1939 to 1941 by first computing (386) the mean annual age-specific 
United States white male death rates from leukemia (table 7) and then apply- 
ing them to the 1940 age distribution of radiologists (table 6), restricting the 
computation to the 35- to 74-year age interval. The resultant expected death rate 
for the latter age interval is 63 deaths per million per year. 

The same type of calculation has been carried out for a 3-year period from 
1949 to 1951 by computing (36) the appropriate age-specific death rates for that 
period (table 7) and applying them to the 1950 age distribution of radiologists. 
The resultant expected death rate is 88 deaths per million per year. 

The average of the rates for the 1939-41 and 1949-51 periods is 76 deaths per 
million per year. The latter rate should roughly approximate the mean annual 
death rate from leukemia which radiologists would have experienced during the 
1938-52 period if they had been subject to United States white male death rates 
for this disease. The observed death rate for this period was 610 deaths per 
million per year (table 5), which is 8 times the expected rate, just calculated. 

It is possible, however, that reasons other than radiation exposure may ac- 
count for the high death rate from leukemia among radiologists. For example, 
leukemia might be more likely to be diagnosed among radiologists than among 
the group of all United States white males. To correct for such possibilities as 
this, the expected death rate of 76 deaths from leukemia per million per year, 
calculated in the preceding paragraph, is multiplied by a correction factor of 1.6. 
This factor is the ratio of the observed number of deaths from leukemia among 
physicians who were nonradiologists to the expected number of deaths calcu- 
lated on the assumption that such physicians were subject to United States white 
male age-specific death rates for leukemia. 

This factor of 1.6 has been inferred from data for the 1938-42 period given 
by Dublin and Spiegelman (32) and is applied throughout the entire 15-year 
period from 1938 to 1952 to give the expected death rates shown in table 5. It is 
a conservative factor in the sense that it is possible that the increased death 
rate from leukemia among physicians who are nonradiologists is partly due to 
exposure of some of them to ionizing radiation (31). Thus, 121 (1.6X75.5) 
deaths per million per year is probably a conservative estimate of the expected 
death rate from leukemia among radiologists in the 1938-52 period, if they had 
received no exposure to radiation. 

The expected death rate from leukemia, just calculated, would be expected to 
yield 3.4 (151850.7«121X10-°) deaths among radiologists during the 
1938-52 period. It is appropriate at this point to compare this with the observed 
number; namely, 17 deaths (table 5). The probability of observing 17 or more 
when the expected number is 3.4 is readily obtained from the Poisson distribution 
and is found to be less than 1X10-°. Hence, the observed value exceeds the 
expected value at a statistically highly significant level. 

The difference between the expected death rate from leukemia calculated on 
the assumption of no occupational exposure to radiation and the observed death 
rate is designated the “incidence of radiation-induced leukemia,” L. For a sta- 
tionary population chronically irradiated at a constant dose rate, D, the incidence, 
L, can be approximated if it is assumed that the probability of leukemia per rad 
of accumulated dose per year, Px, is a constant for all age groups in the popu- 
lation and for all values of the accumualted dose. On these assumptions, a sta- 
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tionary population exposed for a mean number of years, EF, to the dose rate, D, 
will have an incidence of radiation-induced leukemia that can be expressed as 
follows: 

L(=)(D):(E£): (Pt) 


To estimate the value of FP, it is assumed that occupational exposure of radiolo- 
gists starts at age 25 and ends at age 65, The value of E for individuals who 
were at ages 35 to 74 in 1940 can then be approximated from the age distribu- 
tion of radiologists for that year (table 6) and is found to be 24.7 years. The 
corresponding value of # approximated from the 1950 distribution (table 6) is 
24.1 years. The average of these 2 values, 24.4 years, is used as the value of HL 
for the population of radiologists who were at ages 35 to 74 years in the 1938-52 
period. The best estimate of L is 489 deaths per million per year (table 5), and 
a likely range of values for Z is 270 to 800 deaths per million per year, based on 
the 95-percent confidence limits for the observed death rate of 610 deaths per 
million per year. For reasons discussed later, the value of D is estimated to lie 
between 3 and 30 rad per year. 


The best estimate for the range of values of Pz is then given by the expression 
489 ee 

24.4 (3 to 30) = (o7 to 7) X10 

per individual per rad per year 


A broader range, based on the confidence limits for L, is (0.4 to 11) x10 per 
individual per rad per year. 


Pr (likely range) = 


TABLE 6.—Age distribution of radiologists in 1940 (82) and 1950 


Percentage distribution as of 





Age 
1940 1950 (July 1) 
DE Withniccictanagcacimnanhedata toddeaminkuasunig ie ee ete, 8.3 6.1 
Mics ari kh tnleia npch daca onside hate aceasta aiden taceaia te tie 31.3 38.9 
SE iia ca chitin aediesle sh asciuiciguih tices he Aecailanedae asia aaaaddadabldnaca anak ean. 33.8 26. 6 
TI wsdl ai-chaudtinisnesncasinsenctinipranin aladiieiccieiasteniaaiad aeaaea aati kin dadne ciehtac anata 19.8 18.7 
PE TI i idnstiiwdierindckcchimaaaibaciebkgenduainaamemetuddus aati cas ne re 6.1 7.9 
BREE OE sick dense aa udsddecednatcnse bats pandas 0.7 1.8 
Total 100.0 100.0 


Since the dose rate, D, in the foregoing discussion, represents the average ab- 
sorbed dose rate to the leucocyte-producing system, it is likely to be lower by at 
least a factor of 2 than the “air” dose rate to which radiologists were exposed. 
The recommended maximum dose rate (in air) for such workers was set at 0.2 
roentgen per day in 1931 by the United States National Committee on Radiological 
Protection; this rate was reduced to 0.1 roentgen per day in 1936 and to 0.05 
roentgen per day in 1949. Although some radiologists may well have exceeded 
the recommended dose rates, it seems unlikely that the average dose rate for all 
radiologists in the group under consideration would have exceeded the permis- 
sible limits set in 1931. Thus 30 rad per year has been taken as an upper limit 
for the absorbed dose to the leucocyte-producing system. The lower limit for 
D has arbitrarily been taken as one-tenth of this, or 3 rad per year. 

This estimate that D might be much less than 30 rad per year is somewhat at 
variance with the following conclusions from a recent study of longevity among 
radiologists (87). “In comparison with nonexposed physicians, the shortening 
of life of radiologists is 5.2 years, or 11 percent of the adult life span (after 20 
years). If extrapolation from the animal data * * * is permissible, this 
would be expected to result from chromic whole-body exposure to about 1.5 LD» 
dose, or possibly 1,000 roentgens. Although this exposure was partial body and 
possibly less effective, it seems unlikely that the equivalent whole-body exposures 
differed from the above value by a factor greater than 2 or 3. Consequently, it 
appears that, within these limits at least, extrapolation from short-lived animals 
to man may be made with some confidence on the basis of percent life shortening 
per unit dose.” 

The shortening of life by 5.2 years just cited is based on the observation that 
during the period 1939-54 the difference between the mean age at death of phy- 
sicians estimated to bave had “no known contact with radiation” and the mean 
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age at death of radiologists was 5.2 years (37). It can be calculated (38), how- 
ever, that a difference of at least 6 years would be expected in this case solely ag 
the result of differences in age distribution (as of 1940 or 1950) between radi- 
ologists, on the one hand, and all physicians, on the other. That is, radiologists 
may have a slightly longer life span than physicians as a whole. Moreover, for 
the 1938-42 period, Dublin and Spiegelman showed that, after appropriate adjust. 
ment for differences in age distribution, the total death rate from all causes wag 
lower for radiologists than it was for all physicians combined; however, this rate 
was slightly higher for radiologists than it was for all specialists combined. 
Thus, either a chronic whole-body exposure of 1,000 roentgens does not have a 
marked effect on longevity or, more probably, radiologists have averaged much 
less than this as a lifetime absorbed dose. 

Taste 7.—United States white male death rates from leukemia per million 

per year 
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| Period 
Ago ae ace iccinieaa 
|} 1939-41 | 1949-51 
a il ol Mead eee 18 25 
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a a a ee 104 149 
I a ee | 114 276 
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Discussion 


Table 8 summarizes the various estimates of the probability of leukemia 
derived from the four sets of data reviewed here. For acute whole-body ir- 
radiation the best estimate of this probability will be taken as 2 X 10™ per 
individual per rad per year. This value is based on the studies of leukemia 
among the survivors of atomic-bomb radiation. For acute partial-body irradia- 
tion, the available data are conveniently discussed in terms of a probability of 
leukemia “of bone-marrow origin” (ankylosing spondylitis patients) or a prob- 
ability of leukemia of “lymphatic origin” (thymic-enlargement patients). 

As has already been noted, granulocytic and lymphocytic leukemias may have 
bone-marrow and lymphatic origins, respectively. Since these two types of 
leukemia constitute the majority of ail leukemias and occur in proportions 
which are, for present purposes, roughly equal, it is assumed that the best 
estimate of the probability of leukemia of bone-marrow origin is one-half of 
that for all leukemia, or 1 X 10° per individual per rad to the red marrow 
per year. Similarly, the best estimate of the probability of leukemia of 
lymphatic origin is taken as 1 X 10° per individual per rad to the lymphatic 
System per year. 

These estimates fall within the range of values calculated for either the 
ankylosing spondylitis patients or the thymic-enlargement patients. Moreover, 
there is some evidence that leukemia following irradiation of the spinal mar- 
row is primarily granulocytic (26). Whether lymphocytic leukemia predomi- 
nates in the thymic-enlargement series (6) is uncertain on two grounds: 
(i) It is difficult to differentiate granulocytic and lymphocytic types in infants 
and children; and (ii) some irradiation of bone marrow would, in any case, 
be expected in this series of patients (39). Finally, the best estimate of the 
probability of leukemia following chronic whole-body irradiation is taken as 
identical with that for acute whole-body irradiation—namely, 2 x 10° per 
individual per rad (of accumulated dose) per year. This value is seen to be 
close to the lower limit of the range of values deduced for radiologists. 

Simpson et al. (6) and Court Brown and Doll (24) point out that their stud- 
jes lack a control in the form of an unirradiated series of patients. Thus, the 
possibility is not excluded that thymic-enlargement and ankylosing spondylitis 
predispose toward leukemia. However, a comparison of the various estimated 
ranges for the probability of leukemia (table 8) suggests that patients with the 
aforementioned conditions are no more prone to develope leukemia than are 
radiologists or the Japanese survivors. 

Presently available determinations of the incidence of induced leukemia per 
year are based on average followup periods that are comparatively short in 
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terms of the normal human life span. Thus, the probability of leukemia per 
individual per rad per year may not be constant for an indefinite period beyond 
the initial time of irradiation. By choosing the lower limit for the probability 
of leukemia at about 0.7 < 10° per individual per rad per year, it is felt that 
adequate account is taken of the possibility that the incidence of leukemia 
per year following an acute dose of radiation may, as some have sugegsted on 
the basis of the data from Hiroshima (387), reach a peak followed by a steady 
decline. It is noteworthy, however, that Court Brown and Doll have concluded, 
from an analysis of 108 cases of leukemia among the exposed populations 
of Hiroshima and Nagasaki, that “the data provide no evidence of a sharp peak 
in incidence at any particular period after the explosion nor any clear indica- 
tion that the incidence had yet begun to diminish by the end of the ninth 
year” (40). 

. The probability of leukemia per individual per rad per year is nearly constant 
over a rather wide range of doses in the case of the Japanese survivors (table 
3) and in the case of ankylosing spondylitis patients (table 4). This is pre- 
sumptive evidence that the relationship between incidence of induced leukemia 
and dose of radiation is either linear or approximately linear. A striking fea- 
ture of the Japanesé data shown in table 2 is that the incidence of leukemia 
in zone C—the zone with a calculated average “air” dose of 50 rem—is significantly 
higher than in zone D, the control zone (P=0.02, by the Chi-square test). Thus, 
these data provide no evidence for a threshold dose for the induction of leukemia. 
Moreover, chronic irradiation at a relatively low dose rate (perhaps 0.1 rad per 
day or less) appears to induce leukemia in radiologists at a rate per rad which 
is comparable to that observed for the Japanese survivors. This finding also 
fails to support the concept of a threshold dose below which leukemia will not 
develop. 

A linear relationship between the incidence of leukemia and dose of radiation, 
which is suggested by the available data for man, may have its explanation in a 
somatic mutation hypothesis (41). Thus, radiation-induced leukemia may result 
from a somatic gene mutation, presumably occurring in one of the precursor cells 
destined to give rise to mature leucocytes. Such a mutation might cause the 
cell, or its descendants, to acquire an unregulated growth habit, or to release, 
or to respond to, viruslike or hormonal agents—to mention only a few of many 
possibilities. Thus, the somatic mutation hypothesis and other hypotheses for 
the origin of radiation-induced malignancies (42) are by no means mutually 
exclusive. Gene mutation has long been known to show a linear relationship 
with respect to dose of ionizing radiation from studies with Drosophila. This 
linearity has been extended by Spencer and Stern (43) to doses of 50 and 25 
roentgens. Gene mutation is also known to be directly proportional to the accu- 
mulated dose of radiation, even when the radiation is chronically administered 
at a relatively low dose rate, as in the studies of Uphoff and Stern (44). 

The concept of somatic mutation is also helpful in attempting to explain the 
long period of time which sometimes intervenes between irradiation and onset 
of leukemia. Thus, it may be that some of the precursor cells of leucocytes lie 
quiescent for years before they are brought into leucocyte production. A somatic 
mutation in such a cell might, therefore, be long delayed in producing its effect. 

In leukemia of spontaneous origin, there is also likely to be a somatic mutation 
component which would be attributable to spontaneous mutation in the somatic 
cells. In addition, there is likely to be a hereditary component in spontaneous 
leukemia—that is the presence of defective genes (dominant or recessive) which 
are transmitted through the germ line and which result in, or predispose toward 
the development of, leukemia. It is well known from the work of MacDowell 
and associates (45) that the pronounced differences among certain strains of 
mice in suspectibility to leukemia have a genetic basis. In man, there is evidence 
for familiar factors in leukemia from the work of Videbaek (46) and 
others, but the type of inheritance involved is not clear (47). It should be 
noted that cases of leukemia which arise somatically—for example, those which 
are radiation induced—will tend to obscure the analysis of the hereditary com- 
ponent in leukemia (48). 

It is likely that there will be individual differences in susceptibility to radia- 
tion-induced leukemia as well as to spontaneous leukemia. The indication of a 
linear relationship between dose of radiation and incidence of leukemia implies 
that there are some individuals in whom a single radiation-induced event (per- 
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haps a gene mutation) suffices to produce leukemia. There may, however, be 
other individuals in whom two or more such events wuuld be required before 
leukemia would be manifested. Thus, the values of the probability of leukemia 
per individual per rad per year that have been derived here apply to the average 
individual in a given population, but do not necessarily apply equally to each 
and every individual in that population. 


SPONTANEOUS LEUKEMIA AND NATURAL BACKGROUND RADIATION 


The possibility that a portion of the spontaneous incidence of leukemia may 
be due to radiation from natural background sources is briefly considered. For 
this purpose, the same type of approximation procedures employed for assessing 
radiation-induced leukemia among radiologists is applied to the data of Mace. 
Mahon and Clark on the spontaneous incidence of leukemia in the white popu- 
lation in the borough of Brooklyn (table 1). Thus, the incidence of leukemia, 
Lz, that would be attributable to irradiation of that population from natural 
background sources can be approximated by assuming that it is a product of the 
following three quantities: (i) A constant dose rate, Da, from all natural back- 
ground sources; (ii) the mean age, Ls, of the Brooklyn population, which ig 
equivalent to the mean number of years exposed to Dn; and (ii) the probability 
of leukemia, P. per individual per rad per year. The value of D, is not knowa 
but probably is in the range of 0.1 to 0.2 rad per year (49). The value of Es, 
can be readily approximated from the age distribution (table 1) of the Brooklyn 
population, and is about 33.7 years. The value of P, is chosen as the best esti- 
mate from the aforedescribed radiation studies, namely 210-° per individual 
per rad per year. Thus, Zs can be estimated as 7 to 13 cases per million per 
year. The observed total spontaneous incidence in this study was 64.4 cases 
per million per year (13). Thus, possibly 10 to 20 percent of the spontaneous 
incidence of leukemia in this Brooklyn population is attributable to ionizing 
radiation from natural background sources. 

A maximum value for the probability of radiation-induced leukemia may also 
be inferred from the Brooklyn data. The calculation of such a value is based on 
the incidence of acute leukemia, since in this form of the disease the time of 
onset and time of diagnosis probably nearly coincide, while in chronic leukemia 
some years may elapse between these two times. The observed incidence of 
ucute leukemia has a minimum value of 12 per million per year which occurs 
in the 20-20 age group (table 1). By assuming that individuals in that age 
group had an average accumulated dose of not less than 2.5 rad (0.1 rad per year 
for 25 years) and by further assuming, as an artifice, that all of the acute leu- 
kemia in that age group was due to radiation, the probability of acute leukemia 
may be estimated to have an upper limit of 5X10-* (1210-°/2.5) per individual 
per rad per year. Since the overall ratio of acute to chronic forms was about 1/1 
in the Brooklyn data, it may be inferred that the maximum value, or upper 
limit (table 8), of the probability of leukemia (acute and chronic) is about 
10X10-° per individual per rad per year. 


APPLICATION TO RADIOSTRONTIUM EXPOSURE 


The foregoing estimates of the probability of radiation-induced leukemia have 
been attempted in order to have some basis for assessing direct effects of ionizing 
radiations on human populations. An example of the application of these esti- 
mates to a manmade radiation exposure—namely, that from radiostrontium (Sr- 
89 and Sr-00)—is briefly discussed (50). 

The maximum permissible concentration (MPC) of Sr-90 has been set at 1 
nicrocurie for the total body for workers with radioisotopes (51). A level of 1 
microcurie ef Sr-90 per 1,000 grams of calcium (the mass of calcium in the aver- 
age adult individual) has been designated as 1 “MVC” unit of Sr-90 (52). Vari- 
ous estimates are at hand for the level of radiostrontium that is being accumu- 
lated in the human body as the result of past testing of atomic weapons (53). 
The present discussion is restricted to examination of the following recent sug- 
gestion for a permissible level (presumably of Sr-90) for the population at 
large (54). “There seems no reason to hesitate to allow a universal human 
strontium (very similar chemically to calcium) burden of one-tenth of the per- 
missible, yielding 20 rep in a lifetime, since this dose falls Close to the range 
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of values for natural radiation background. Visible changes in the skeleton have 
been reported only after hundreds of reps were accumulated and tumors only 
after 1,500 or more.” 

A body level of 0.1 MPC is expected to irradiate skeletal tissue at a dose rate 
of about 0.25 rad per year, on the assumption of uniform distribution of Sr—90 
throughout that tissue. Because of the limited range in tissue of the beta par- 
ticles emitted in the decay of Sr-90 and of its daughter element, Y-—90, the leuco- 
cyte-producing cells may receive somewhat less than this dose rate, depending 
on the exact location of such cells with respect to the surrounding caleium of 
the bone. This reduction factor of perhaps 2, tends to be offset by the fact that 
ingested Sr-90 is not uniformly distributed throughout the skeletal tissue, but 
appears instead to be concentrated in regions more actively concerned with red- 
marrow formation (55). The dose rate to the leucocyte-producing cells is esti- 
mated as 0.1 to 0.2 rad per year for a body level of 0.1 MPC of Sr-90. This ir- 
radiation will be largely restricted to the skeletal tissue, since (i) the radiation 
from the decay of Sr—-90 is exclusively of the beta type and (ii) 70 percent of the 
Sr-90 in the body is estimated to lie in the skeletal tissue (51). Hence, leukemia 
induced by Sr-90 would be expected to be largely of bone-marrow origin (56). 
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The problem of assessing the incidence of Sr—90-induced leukemia from a con- 
stantly maintained level of Sr—90 is essentially identical with that dealt with here 
for determining the component of the spontaneous incidence of leukemia owing 
to natural background radiation. Thus, the incidence of Sr-90-induced leukemia 
in a stationary population maintaining a constant level of 0.1 MPC of Sr-90 is 
considered to be the product of (i) a dose rate of 0.1 to 0.2 rad per year to red 
bone marrow; (ii) a mean age for the stationary population of 31.7 years, which 
is that expected from the age distribution of the total United States white popula- 
tion as of July 1, 1955 (57) ; and (iii) a probability of leukemia of bone marrow 
origin of 110-® per individual per rad to bone marrow per year. This computa- 
tion gives an incidence of 3 to 6 cases of Sr—90-induced leukemia per million 
per year. For a population of 1.6X10* individuals, the current population of 
the United States, the expected number of cases of leukemia induced by a con- 
stantly maintained level of 0.1 MPC of Sr-90 would thus be about 500 to 1,000 per 
year. The range for this estimate is a factor of about 3, giving 150 to 3,000 
cases per year. Currently (1954), there are about 10,500 deaths from leukemia 
per year in the United States population (10). Thus, if Sr-90 induces leukemia of 
bone-marrow origin at the same rate (per rad as X-rays and radiations from 
atomic bombs, then a constantly maintained level of 0.1 MPC of Sr—-90 would 
be expected to increase the present incidence of leukemia (in the United States) 
by about 5 to 10 percent. 

SUMMARY 


Leukemia in man can be induced by ionizing radiations, and also occurs spon- 
taneously. For the average individual in a population, the probability of de- 
veloping radiation-induced leukemia is estimated to be 2X10-® per rad (unit of 
absorbed dose of radiation) per year. The available data from 4 independent 
sources make it likely that this estimate is valid within a factor of about 8, 
giving a range from 0.7X10-6 to 610-6 per rad per year. It is pointed out that 
10 to 20 percent of the spontaneous incidence of leukemia (Brooklyn, 1943-52) 
may result from radiation from natural background sources. It is estimated that 
a 5- to 10-percent increase in the current spontaneous incidence of leukemia 
would occur if the population were to reach and maintain a body level of Sr—90 
amounting to one-tenth of the “maximum permissible concentration.” 
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Representative Horrrreip. We are going to have as our next witness 
Dr. Shields Warren from the Deaconess Hospital in Boston, and he is 
going to read, as I understand it, a statement from Dr. Jacob Furth 
on the subject of leukemia. 

Dr. Warren, it is a great privilege to have you with us, and we 
would like to hear from you now. 


STATEMENT OF DR. SHIELDS WARREN, NEW ENGLAND DEACONESS 
HOSPITAL, BOSTON, MASS.* 


Dr. Warren. I appreciate this opportunity very very much. I have 
been impressed that during these useful and well-planned hearings a 
number of scientists who are interested in radiation are presenting 
their findings and views. As one who has worked on the injurious 
effects of radiation since 1925, I am very happy to see the great influx 
of enthusiastic workers into this field. 

I further appreciate the kindness of the committee in allowing me 
to testify, and I wish to say that I am speaking as an individual, and 
not for the various groups of which I happen to be a member. 


1New England Deaconess Hospital, 195 Pilgrim Rd., Boston 5, Mass. Pathology. 
Cambridge, Mass., Feb. 26, 1898; m. 23; ¢. 2. A. B., Boston, 18, hon. S. D., 49; 
M. D., Harvard, 23; hon. D. Se., Western Reserve, 52; hon, LL. D., Tulane, 53. Asst. path., 
Boston City Hosp., 23-25; instr. Path., Harvard Med. Sch., 25-36, asst. prof., 36—48, 
Prof., 48—; Pathologist, New a Deaconess Hosp., 2 27—; New Eng. Baptist Hosp., 28—-; 
Huntington Mem. Hosp., 38-42; Pondville State Hosp., 28—; consulting pathologist, House 
of the Good Samaritan, 27-43; Channing Home, 35-: dir. State Tumor Diagnosis Serv., 
Mass., 28—; Trustee, Boston Univ. Chmn. atomic casualty _cmn., mem. exec, cmt., & cmt. 
path, Nat. esearch Council; mem, Nat. Advisory Cancer Council, 46-49; dir. div. biol. & 
med., Atomic Energy Cmn., 47-52, mem. advisory cmt., 52-. Proctor award, Sci. Research 
Soc. Am., 52; Banting medal, Am. Diabetes Asn., 53. Diplomate, Am. Bd. Path. Med. C., 
U.S. N., 42-45. A. A. (v. Pres., 48) ; Assn. Path. & Bact. (v. pres., 47; pres., 48) ; Asn. 
Cancer Research (vy. pres., 41; pres., 42-46) ; Soc. Exp. Path. (secy.-treas., 34-37 ; v. pres., 
89; pres., 40; Soc. Exp. Biol.; Soe. Clin. Path.; Am. Acad.; Col. Path.; Am. Med. Asn. ; 
Soc. Med. Consultanta W. W. II; Radiation Research Soc. ; Gastroenterol. Asn.; Asn. Mil. 
Surg.; New Eng. Cancer Soec.; cor. mem, Asn, Path, Eng.; hon, mem, Peruvian Acad. 
Surg. ; hon. mem. Mexican Asn. Path.; hon. mem, Indian Asn, Path, (1'rom American Men 
of Science, 1955.) 
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tepresentative Corr. Mr. Chairman, I wonder if Dr. Warren would 
mind indicating the identity of these groups and committees of which 
he is a member, for the record, since 1t does not appear in his biogra- 
phy. 

Dr. Warren. Yes. I am the representative of the United States 
to the U. N. Scientific Committee on the Effects of Atomic Radiation. 
IT am the Chairman of the Committee on Pathological Effects, of the 
National Academy of Sciences Radiation Group. I am also a mem- 
ber of the Committee on Genetics of the National Academy of Sciences. 
I am a member of the Advisory Committee on Biology and Medicine 
of the Atomie Energy Commission, Then there are various scientific 
associations with which I am also associated. 


STATEMENT OF DR. JACOB FURTH,? PRESIDENT OF THE AMERICAN 
ASSOCIATION FOR CANCER RESEARCH (PRESENTED BY DR. 
SHIELDS WARREN) 


Dr. Warren. I think it would be appropriate in view of the fact that 
we have been hearing a very pertinent discussion of leukemia, to intro- 
duce at this point Dr. Jacob Furth’s statement. He is an associate of 
Dr. Sidney Farber and myself, one whom I consider as probably the 
world’s greatest authority on the experimental induction of leukemia. 
He say as follows: 

FACTS 


Radiation causes cancer and leukemia and other body cuanges, but it is also 
the best means of identifying and controlling many of them. Induction of 
neoplasms—by that meaning both leukemias and tumors—by radiations is a 
remote possibility and occurs rarely, while the benefits are immediate and usual; 
hence, radiation became a tool of medicine no physician or informed patient 
would want to be without. Most, if not all, increased hazard from radiations 
resulted from its medical use, a calculated risk well taken; it is steadily diminish- 
ing with recognition and dissemination of knowledge as to where the hazards lie. 


SPECULATIONS 


The statements that there is no threshold injurious dose to somatic cells, and 
every irradiation, no matter how small will cause cancer and leukemia, as is 
stated by some geneticists, are mere speculation. This applies also to the state- 
ment that even background irradiation is leukemogenic. The available facts al- 
low argumentation of both sides. In my opinion, the statements that back- 
ground irradiations will induce leukemia are contrary to observations and the 
reverse is more likely. 

Reasons to assume that a threshold exists: 

(a) All reported experiments ou leukemia induction by irradiation have 
pointed to the existence of a threshold and none suggested the lack of it. 


Dr. Warren. I might say in addition that Dr. Furth has had ac- 
cess to all of these figures which you have seen on the chart here, and 
this is one of the conclusions he has come to. 


(b) The complex mammalian host is capable of compensating for subtle dam- 
age. It has been shown that partial body irradiation is not conducive to leukemia 
development; the unexposed parts powerfully protect the exposed part. Thus, 
if direct hits cause mutation, humoral substances either counteract or reverse 


* Began experimental studies of leukemia in 1928 ; was first or second (if so in independent 
work) to publish induction of leukemia, ovarian, breast, lung, and pituitary tumors in mice 
by ionizing radiation. Presented experimental evidence that leukemia is allied to cancer 
and some leukemias are related to mutations. Has numerous publications 1930-57 on 
the subject, all essentially confirmed. Presently, is president of the American Association 
for Cancer Research. Recipient of high awards and fellowships in scientific organizations 
in recognition of scientific contributions, (From American Men of Science.) 
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their actions. Were it otherwise, leukemia among physicians and radiologists 
and others exposed to small doses of X-rays repeated over long periods of time 
would be manyfold that actually observed. Some radiologists receive thousands 
and tens of thousands of roentgens while the population at large receives a 
few r. of background irradiation in a lifetime. Similarlv, if cancer induction is 
simply due to direct hit mutation with no threshold, one would expect a tremen- 
dous number of all kinds of tumors in medical personnel and others on parts 
exposed to radiation; for example, skin cancers on hands. The early radi- 
ologists who got such cancers had severe radiation burns with chronic ulcers in 
which the tumors arose. Some scientists even argue that the cancers arose from 
the nonirradiated adjacent skin. It deserves emphasis that cancer did not arise 
on the hands of tens of thousands of people receiving huge quantities in small 
doses over long periods. 

(c) Similarly, leukemia development in experimental animals can be prevented 
by post irradiation infusion of marrow cells indicating that either direct radiation 
hit is not enough to cause leukemia or that body defense can somehow counter- 
act this damage. 

(d) The very idea that leukemia and cancers result from a direct hit mutation 
was never solidly proven and is being challenged recently. Newer evidence un- 
questionably indicates that some indirect factor plays a determining role in 
development of leukemias or tumors. Heavy irradiation of some organs can in- 
jure specific body regulatory mechanisms and cause cancer indirectly, not by 
mutation. 

(e) In case of pituitary or ovarian tumor induction by irradiation, there is no 
such linear relationship between irradiation dose and response, as is character- 
istic for mutation. The reverse is true, and there is a clearly defined threshold 
which is that dose which markedly depresses the function of that organ—about 
80 to 50 r. to the mouse’s ovary, 20 uc of I-131 to mouse’s thyroid. 

(f) Human cells are eternally submitted to small doses of endless kinds of 
mutagenic agents; some are endogenous, as hormones; others are extrinsic, as 
chemicals in food, industry, drugs, et cetera. Even plastics and food dyes can 
cause cancer in animals under given experimental conditions. These, too, are 
believed to cause the neoplasm by somatic mutation, but I know not of a single 
human cancer proven to be caused by them. As to leukemia, many drugs and in- 
dustrial chemicals injure blood forming organs and could be responsible for in- 
creased incidence of leukemia. We have yet to learn to what extent the endless 
number of potential carcinogens to which man is exposed contribute to develop- 
ment of neoplasia in man, alone and combined. 

(g) Induction of leukemia in mice from radioactive substances as radio- 
phosphorus and radiostrontium has been reported, as might be expected, from 
large doses of them, but these reports clearly show existence of a threshold. 


RECOM MENDATIONS 


(1) Since the medical hazards of radiation are worth taking and since these 
represent the bulk of radiation hazards, that thus far created by bombology, 
being a minor evil, should be considered as such. While it is agreed that the 
latter should be eliminated as expediently as possible with preservation of the 
safety of the free world, the burden of decision rests not with biomedical in- 
vestigators, but with miltary experts. All biologists admit the potential hazards 


of all kinds of radiation and merely argue among themselves about the magnitude 
of the hazard, 


(2) I wish to testify that support for long-term research has been, and still is, 
niggardly, and it is a disappointing struggle to undertake such research. I reec- 
ommend liberal long-term support of creative scientists, and incidentally, more 
centers of knowledge in free institutions. Creative knowledge is our best defense. 

Dr. Warren. I appreciate your allowing me to read this statement 
of Dr. Furth into the record, Mr. Chairman. 

Representative Hotirtetp. Thank you very much. 

Dr. Warren. Then if I could go back to my own statement. ; 

Representative Hortrretp. Certainly he puts the issue very plain 
in his presentation there. 

Dr. Warren. Yes. He does this on a background of more than 30 
years’ experience in this field working with leukemia. 
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Representative Corr. Mr. Chairman, I would like to inquire of 
Dr. Warren if he could interpret Dr. Furth’s comment with respect 
to the need for long-term research in which Dr, Furth says it is a 
disappointing struggle to undertake such research. What did he have 
in mind ¢ 

Dr. Warren. What he has in mind is this: It is much easier to ob- 
tain support and much more satisfying for the scientist to work in a 
field where he can hope to get results in 1, 2, or 5 years, rather than to 
work with long-term experiments where he may spend his whole life 
and still come up with an unsatisfactory result at the end of that period 
of life. This is the sort of thing that makes it so essential to continue 
on a long-term basis our studies of the population in Hiroshima and 
Nagasaki. We may get very few results. 

I would like to point out that the results at the lower end of the 
scale that have been used by Dr. Lewis are not considered as actually 
statistically significant. They may provide a guide, but I would not 
want to base any firm conclusions on them. 

These studies must be continued. But we know that the chances of 
getting significant results are relatively few. This is a discouraging 
type of work. It is hard to get support for it because we have to be 
honest and say it is quite possible that we will spend funds for 20 
years and then not have anything to show you. It was that that Dr. 

‘urth was commenting on. 
tepresentative Cotz. Thank you. 


STATEMENT OF DR. SHIELDS WARREN—Resumed 


Dr. Warren. I would like to make it clear that much has been 
learned about radiation effects. Now Iam speaking for myself. There 
is much more still to be learned. We have a great deal of data from 
animal experimentation. We have in addition much data on the effect 
of radiation on man derived from a number of different sources. These 
are perhaps worth mentioning, 

You have heard of the normal or background radiation to which all 
of us are subjected. We know that the human race not only has de- 
veloped in background levels of radiation similar to those of Washing- 
ton but in regions such as Denver where the radiation is greater. Thus, 
during 30 years in Washington, a person might receive on the average 
a total accumulated dose of about 3.1 roentgens. In Denver or other 
mountain regions, because of increased cosmic radiation, this back- 
ground might go as high as 5.5 roentgens. 

In India a large population has lived for many centuries in the 
state of Kerala on sandbanks containing monazite. Recent studies 
of the radiation in this area have shown it to be up to 5 or even 50 
times normal background. This population will be studied very care- 
fully medically, but it is of interest that this relatively high level of 
radiation has not been sufficiently obviously detrimental to the popula- 
tion as a whole to cause abandonment of the region. However, one 

‘annot say what the effects have been until very careful studies have 
been carried out. 

The misfortune of men and women in the past has been wisely 
utilized by scientists to gain information as to the acute and chronic 
eliects of radiation, and we actually have, as you have heard from the 
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experts testifying today, a large body of information as to what occurs 
in man. 

To review briefly, we have data on acute exposures at varying levels 
of radiation from Hiroshima and Nagasaki. The studies on the degree 
of shielding from radiation afforded by structures in which the sur- 
vivors were at the time of explosion are now being carried out and 
will greatly sharpen the information that we now have. 

We have data on acute radiation exposure from those involved in 
the Los Alamos accidents and the minor accident at the Argonne. 
Some acute radiation from the shorter lived radioactive components 
of fallout of the close-in type was received by the crew of the Japanese 
fishing vessel and the Marshallese Islanders in 1954, 

Data on chronic radiation in humans derives from the early work- 
ers with X-rays and radium as well as from radiologists up to the pres- 
ent day. Also, a considerable body of information has been gathered 
from patients treated for one or another disease with radioactive 
isotopes, radium or X-rays. 

In general, we know that exposure to acute whole body external 
radiation will produce death for 50 percent of those receiving about 
400 to 600 r, 

Second, a single dose of radiation produces life shortening at signifi- 
cant levels. Human beings are too variable in their responses to radia- 
tion and in their state of health to permit any direct correlation, but it 
is probable that an acute dose of about 300 r. or repeated small doses 
totaling 2 to 3 times that would produce up to 5 years’ shortening of 
life span. It will produce an increased incidence of leukemia, At 
present the rate of leukemia for the few most heavily exposed survivors 
at Hiroshima is about 1.3 percent. Radiologists, some of whom have 
received chronic irradiation on the order of 1,000 r. have 7 to 10 
times as much leukemia as has the general population. 

If there is a large neutron component in the initial acute exposure 
to radiation the likelihood of development of cataract is increased. 

Radiation, whether acute or chronic, has a definitely damaging 
hereditary effect, because, in contrast to most cells of our bodies, there 
is no threshold for damage to the hereditary material and there is no 
recovery from injury in them. In chronic radiation, this is an im- 
portant difference between the effects on most cells of a person’s body 
and the effects on his germ cells. Since there is an appreciable power 
of repair possible in the body cells a higher dose is required to damage 
them seriously than is required to damage the hereditary material 
that perpetuates the race. 

With acute or chronic radiation there is what is called a threshold 
effect in body cells. In other words, because many cells can continue 
to function even though irradiated and many cells in the body can 
be repaired even though damaged, we find that at low levels of radia- 
tion there is no observable effect. 

This morning you heard mention of Senator Anderson’s wristwatch. 
My own wristwatch has a luminous dial, and I measured the radia- 
tion from this on the back of the watch, putting the measuring device 
in the position of the skin on the back of my wrist. Assuming that 
I wore this 12 hours every day—actually I wear it a little more—the 
skin on the back of my wrist would receive 10 milli-r, or ten-thou- 
sandths of an r, and has been receiving it for close to 20 years. Yet 
this skin is just as normal as is the adjoining skin. That is, I feel 
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there is a definite threshold effect, and that until this threshold effect 
is exceeded, I am not going to stop a radioactive wristwatch. 

This power of the body to repair itself, other than the hereditary 
material, has important bearing on the amount of radiation that man 
can withstand without demonstrable evidence of harm. 

The present rate of testing of atomic weapons is such that the radia- 
tion from worldwide fallout is appreciably less than the background 
radiation. From the standpoint of heredity we should watch closely 
the levels of radiation. 

The National Academy of Sciences report on radiation indicates 
that the doubling dose for mutations probably is in the range of 30 to 
$0 r, but may be as low as 10 r; it has been suggested that it could pos- 
sibly go even aslowas 5, Many geneticists believe that 30 to 50 r may 
be the doubling dose. ‘ 

Representative Cote. Would you explain what you mean by a cou 
bling dose for mutations ? 

Dr. Warren. Yes. There are a certain number of mutations that 
occur in the race quite naturally at the present time. You have heard 
of infants that have been born with imperfectly formed digestive 
tracts, for example. You have seen people who have 1 blue eye and 
1 brown eye. ‘These are the extremes of the sorts of mutations, some 
insignificant and some significant. We have hundreds of thousands 
of genes, and a change, a mutation in any one of these will produce 
changes under appropriate circumstances in the cells that are derived 
wholly or in part from that. 

Senator Jackson. Mr. Chairman—at that point, how can you tell 
whether it is due to the inevitable process of genetics and how can 
you tell when it is due to outside influence? How can you trace it? 

Dr. Warren. Only by very careful experimentation. ‘These esti- 
mates are based on the best experimental data that we have available 
at the present time. There is some evidence derived from the eighty- 
thousand-odd births that have been studied in Hiroshima and Naga- 
saki as well. 

So I would rather not answer that question in detail, because there 
are others who are geneticists who will be speaking. But in general 
I feel that we have reasonably sound foundations to emphasize that 
probably 30 to 80 r is a pretty good estimate for a level of radiation 
that will bring about twice as many mutations as now occur in the 
population. 

Senator Jackson. But all mutations are not due to radiation. 

Dr. Warren. No, indeed; not all congenital effects are due to muta- 
tions. For example, mutations can be simulated very closely by injury 
done to a fetus in utero, if the mother has had an attack of German 
measles or certain of the other types of virus diseases. 

Senator Jackson. While you do not want to go into this, I take it, 
because this is more a problem for the geneticists, you feel that they 
can tag and differentiate between mutations that are a natural result— 
the inevitable mathematical conclusion out of so many births—and 
mutations due to the outside influence of radiation ? 

Dr. Warren. Yes. There is a very large-scale experiment that 
Dr. Russell, who is carrying on that experiment at Oak Ridge, will 
go into for you in the course of these hearings. 

Senator Jackson. I think it would be very important because this 
goes to the heart of the problem and unless you can tag them and 
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associate them with the problem that we are reviewing here, it would 
not be meaningful. 

Dr. Warren. Yes. Although not a geneticist, but as a scientist I 
am firmly convinced that radiation will produce mutations. The esti- 
mates that have been made by the majority of geneticists appeal to me 
as reasonable and sound estimates. 

Senator Jackson. In that connection, Dr. Warren, have there been 
and studies made of the situation as in Denver where people live at 
5,000 feet as distinguished from people living at sea level? I was told 
that these mutations do not occur as anticipated. 

Dr. Warren. One would have to get a much higher level than occurs 
in Denver to reach the doubling dose that we have spoken of. 

Senator Jackson. What about in the Andes? 

Dr. Warren. The difficulty in the Andes—I have been at Mora- 
coacha and a number of the other high altitude villages in the Andes— 
is that the population there is so short lived from other causes—public 
health is so poor—that it is very difficult to get any satisfactory sta- 
tistics. I think that we can hope to get much more valuable data from 
the studies in the monazite areas and these studies are being carried 
forward by the Indian Government at the present time. 

Representative Horirreip. Of course, the length of life in India is 
much shorter than it is here. 

Dr. Warren. That is quite true. 

Representative Hortrietp. There are a lot of factors that might en- 
ter into it, and not only the comparison of their longevity and ours, 
but also there would have to be a comparison of the average length of 
life in India, and those who live on these monazite sands. 

Dr. Warren. Very fortunately there is a very similar population 
of the same ethnic character and the same social status who live about 
10 to 20 miles away. There has been no significant intermarriage be- 
tween the two groups. So we hope that the Indian Government will 
have a good built-in control. 

I have been speaking of this possible level of the doubling dose of 
80 to 50 r. Since there is uncertainty in these figures and since many 
years of observations will have to be made before they can be firmed up 
we should take no chances but use a conservative figure such as 10 r for 
all types of added radiation, of which medical diagnostic X-rays will 
use a portion. 

Representative Horirtetp. At this time, in order to get a realization 
of what a chest X-ray would expose a person to, how many roentgens 
would you say a person would receive from a chest lung X-ray? 

Dr. Warren. This would depend on the type of X-ray, Mr. Holifield. 
If it were one of the photoroentgen type, it would be higher than a full 
chest. We are speaking here not of the direct X-ray, but the scatter 
from that direct X-ray to the gonads. You heard this morning from 
a very competent radiologist, Dr. Friedell, and since he is still in the 
room, I believe, I wonder if he could tell you what he uses. That would 
make the point even stronger and more real. 

Representative Horirreivp. Dr. Friedell, I suggest that you come 
forward. You do not need to leave your chair, sir. 

My question, to make it more direct, would be this: What would 

the exposure of a chest X-ray—as long as you are here, I will 
add another—and a fluoroscoping examination of the chest, and 
what would be the scatter to the gonads? 
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Dr. Friepert. I am glad you make this distinction. First of all, 
there is a difference between radiation on the thorax and radiation 
to the gonads. The radiation to the thorax is considerably larger 
than to the gonads. As Dr. Warren pointed out, that makes a dif. 
ference whether you have the miniature kind of chest examination 
which is really a photograph of a fluoroscopic image or whether you 
have an ordinary X-ray film that many of you have had for various 
studies. 

Somewhere of the order of six hundredths to one tenth of a roentgen 
is given to the thorax for an exposure to get a satisfactory chest film. 
Depending on the various methods that are used for protection of the 
gonads and the possible protective devices which may be placed over 
the gonads, the dose to the gonads is considerably reduced. From 
the scatter alone, it may be as low as one one-hundredth of the dose 
given to the thorax. I would not want to put a firm figure on it be- 
cause it is a function of how it is done. 

From the point of view of fluoroscopy, there is not any comparison 
between the amount of radiation delivered to the chest and to the 
gonads, because of scatter when fluoroscopy is used, because at the 
present time the fluoroscopic methods require a large dose of radiation 
to be visible on the fluoroscopic screen. Depending on the time, I would 
say that a chest could easily receive as much as 5 to 15 roentgens in one 
examination. 

Representative Horirirtp. In the case of exploring for a swallowed 
safety pin by a child, for instance, where you have to probe with instru- 
ments, and you follow it with your fluoroscope, what would be the ex- 
posure ¢ 

Dr. Frmepetn. That is difficult to estimate, but I think this would 
help you. Most fluoroscopic machines will turn out somewhere in 
the order of 5 to 10 roentgens a minute. Some will turn out much 
more, but they are not really carefully controlled. Generally the 
aaa _ is about 5 roentgens a minute. This determines in effect 
how much radiation will be received by the body in general, and is 
generally fairly easy to calculate what might be 1 eceived by the gonads. 
If the radiation is directed to the gonads for various reasons, they re- 
ceive much more. 

Representative Hortrrerp. Do you think there is a comprehension 
on the part of most radiologists of the importance of the damaging 
effects of this scatter from a genetics standpoint ? 

Dr. Frrepecz. I think this is a difficult question for me to answer. 
I know that people in whose circle I move are very concerned with 
the problem and are examining it very carefully. I would say that 
the radiologists in general are now very acutely aware of this prob- 
lem. It is conceivable that they were not aware of it 10 or 15 years 
ago, and are now beginning to institute all the necessary measures 
to get as much protec tion as we can. 

Representative Horirienp. Certainly when they are utilizing a ma- 

chine with such potentially damaging effects, they should from a 
professional standpoint guard the ‘people as much as possible. 

Dr. Friepete. I think I would agree with this, but I would also 
like to add to this that you are always faced with the problem of 
measuring the value of this medically as compared with the possible 
hazard that is introduced. This is a very difficult thing to measure 
sometimes. It is conceivable that much error can be introduced, but 
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I think that most physicians are acutely aware of weighing these two 
things and must do the best for the patient. 

Senator Hickentoorrer. I would like to ask Dr. Friedell or Dr. 
Warren a question or two. 

I wonder if you ever knew Dr. Erskine? 

Dr. Frirpety. Yes, in Iowa. 

Senator Hickentoorer. He was an old friend of mine who died a 
few years ago. He died without doubt from radiation which he got 
in the early “di ays from his experimental work. He did some pioneer- 
ing work, especially on the mechanics of measurement of radiation in 
those d: ays. 

The question I want to ask is somewhat along the line of Congress- 
man Ifolifield’s question. From a statistic al standpoint, I think 
manifestly years ago—20, 30, 40 years ago—when the average small 
or large town physician’s office did not seem complete unless he 
bought an X-ray machine, and without doubt used it with great fre- 
quency without realizing the potentials of this machine, without the 
ability to measure quantities or absorption or anything of that kind, 
and with little or no schooling in it, [ wonder if there is any statis- 

tieal background that would tell us how many cases of leukemia or 
perhaps induced cancer or something of that kind might have oc- 
curred in the American population during those periods when there 
was very little appreciated as to the long range possible effects of 
radiation of this kind. 

Dr. Warren. I think I might be able to answer, if I might, Senator 
Hickenlooper. 

Senator Hickentoorer. Yes. 

Dr. Warren. I had been interested in the “pte of the life span 
of both radiologists, general practitioners and certain specialists. We 
find that the life span of the general practitioner is not significantly 
at variance with the life span of white males over 25 in the United 
States. The average doctor starts his practice somewhat around 25 
years of age, so that is what we took. 

This means, then, that the average doctor, not a specialist in radia- 
tion or not in the specialties using radiation a great deal, such as ortho- 
pedie surgery, urology and some of the other specialties, has about 
the same life span. "There is evidence that he has slightly more leu- 
kemia, but not as much as the radiologist who has 7 to 10 times as 
much as the males in the general population. Ile bes possibly half 
again asmuch. It is rather hard to pin it down exactly. 

I think it should be remembered that there are relatively few of the 
general practitioners who used their X-ray machines all day long. 
They would use them from time to time on their patients, and had 
appreciable rest periods during which their body cells could recover 
from the radiation injury done. 

Senator Hicken oorer. I either heard or read some testimony with 
respect to the data on physicians, but the real point of my question I 
was directing at the use of X-ray in treatment years ago on patients 
when the effects of those X-rays were not so well known, and there 
was a period of time some years ago when it was really quite wide- 
spread, and there is no telling what the strength of the treatment 
would be that many patients received at that time. I wonder if there 
would be any statistical data that could indicate malignancies of vavi- 
ous types from that treatment, rather than from natural causes, 
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Dr. Warren. You saw on the chart an estimate as to X-rayed adults 
here. I think that the best data on this are the group with so-called 
ankylosis spondylitis—a form of arthritis of the spine—an X-ray 
treatment gives some relief to the pain and may help the course of the 
disease somewhat. A group under the direction of Dr. Court Brown 
in England studied this very carefully. I have here the white paper 
on radiation effects issued by the United Kingdom approximately a 
year ago. It gives an indication that the dose ranges ran from as little 
as 500 7, or possibly a little under that to the spine, up to more than 
2,750 r; that this caused an increase in the crude incidence of leuke- 
mia—these are uncorrected figures—ranging from 4.1 per 10,000 
people treated at the lower dose level, or 2.2—which might be sheer 
chance, at less than 500 r—up to 17.6. So arguing from this, 1 think 
it might be said that there were probably a scattering of cases of leu- 
kemia induced in the way you spoke of. 

Senator Hickrntoorer. Would you have an estimate at this time as 
to how long a period of time it has been since you feel that you can 
have some reliable data on leukemia, and many other ailments which 
people undoubtedly had many years ago, but which were not diag- 
nosed by the physicians? I remember when they used to say people 
died of acute inflammation of the bowels, when it was probably a burst 
appendix, and that sort of thing. 

Dr. Warren. Yes. I think you pointed out a very important thing, 
Senator Hickenlooper, that medical diagnosis is steadily improving. 
I think in certain areas of the country in the larger medical centers, 
leukemia has been pretty well recognized from 1930 on; for the bulk 
of the country, leukemia has been very well recognized from 1945 on. 
I think our statistics from 1900 to 1910 may have caught perhaps half 
of the leukemia cases or something of that order. This is only a wild 
estimate, however. 

Senator Hickentoorer. Thank you very much. 

Representative Hoxtrretp. Thank you very much. You may pro- 
ceed with your statement. 

Dr. Warren. At present the rate of radiation from fallout gives a 
probable 30-year dose of 0.1 roentgen. The data on chronic radia- 
tion to our bodies and those of animals indicates that rather more 
than the acute lethal dose of radiation can be withstood, though not 
without harm, if it is given over a protracted period of time. The 
effect of protracted radiation may be half or less as great as radiation 
given at a single time. If significant damage is done to body cells 
there is never complete repair, but rather atrophy persists and even- 
tually cancer may leer 

The ill effects known to come from chronic radiation, are, as you 
have heard, damage to various body tissues ranging from the destruc- 
tion of cells to undue or cancerous proliferation of cells. Thus, in 
the skin of the early radiologists, we saw atrophy occur, finally ulcera- 
tion, and in some instances even skin cancer. The blood responds at 
first to radiation at low levels by minute and insignificant changes in 
some cells. For example, the lymphocytes may show a rare cell with 
double nuclei, the meaning of which has not yet been established. 
Continued exposure to radiation leads in some people to the failure 
of formation of adequate blood cells condition known as anemia or 
agranulocytosis, or, at times, to an overly enthusiastic reparative re- 
sponse which leads to the development of leukemia, Chronic exposure 
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from radium, particularly radium absorbed internally, has been shown 
to be injurious and radiation changes in bone can be detected with 
levels of radium in bone as determined years afterwards on the order 
of 1 microgram. Of course, these levels were initially appreciably 
higher. 

Since one of the radioactive fission products, strontium 90, is de- 
posited in bone, there is much concern to advance our knowledge of 
radioactive strontium, the amount that enters our bones, and the ef- 
fect that it may have there. Strontium 90, at fallout levels or at 
levels many times higher, has no significant genetic effect. Neither 
is there firm evidence that it has a leukemia producing effect. If we 
assume that the radiation effect from strontium 90 or from other 
sources has no threshold (and this assumption is contrary to most 
existing infcrmation with regard to somatic effect) if we assume this, 
I say, it would follow that there would be a small statistical increase 
in bone tumors. I doubt very much that it would cause any increase 
in leukemia. It is striking that in those persons who have had radium 
deposited in their bones there has been no evidence of leukemia, even 
though they have developed bone sarcoma. The evidence for the pos- 
sible development of leukemia from strontium 90 rests on mice treated 
with radioactive strontium that showed leukemia. However, leukemia 
is so common a disease spontaneously in mice that I hesitate to accept 
this observation as contradicting the information we have from ex- 
perience with humans and with a number of animal experiments at the 
present time. 

Let us, however, make the worst assumption, that there is no thres- 
hold and that we might be concerned with a linear increase in both 
leukemia and bone sarcoma. On this basis, as you have heard, the 
average level to be expected from uptake of strontium 90 already pro- 
duced by weapons testing may be about five so-called sunshine units. 
While there is no evidence that even 10 times this level is harmful, if 
we assume that there is no threshold, I would be reluctant to see the 
average strontium 90 content of bones, particularly in children, go 
much above 10 times the present level. It is possible that additional 
experimental work will enable us to go safely beyond this tenfold 
increase, 

Representative Hotiwime.p. Thank you very much, Dr, Warren. 

Senator Jackson, do you have any questions / 

Senator Jackson. I have no further questions. I am very happy 
to see Dr. Warren back with us. We are very proud of his great con- 
tribution while he served as Director of the Division of Biology and 
Medicine of the Atomic Energy Commission. 

Dr. Warren. Thank you very much, Senator Jackson. 

tepresentative Horrrrerp. Dr. Warren, will you be back with us ina 
few minutes for our discussion period ? 

Dr. Warren. Thank you. 

_ Representative Horirierp. At this point I would like to say that it 
is my understanding that Dr. L. H. Hempelmann, of the University 
of Rochester, Strong Memorial Hospital, will deliver a paper in Pitts- 
burgh on June 11, called Irradiation-Induced Cancer in Man. When 
we receive a copy of this paper I would like to insert it into the record 
at this point. 
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(The material referred to follows :) 
IRRADIATION-INDUCED CANCER IN MAN 


L. H. Hempelmann 


The possible development of cancer, and this includes leukemia, fs an occupa- 
tional hazard known to persons working with X-rays or nuclear radiation. Re- 
cently, this type of radiation carcinogenesis has become a matter of increasing 
concern to the scientific world and to the world at large. There are several rea- 
sons for this. The first is the exposure of ever increasing numbers of people to 
man-made radiation. (This includes not only persons working in the field of 
atomic energy, but also people receiving the benefits of Western-style medicine, 
and indeed the entire world population now that the radioactive fallout from the 
hydrogen bomb test programs is worldwide.) The second reason for concern is 
in the observation that the radiation doses necessary to induce cancer are smaller 
than they were believed to be formerly. The third reason for the current interest 
in radiation carcinogenesis is the recent evidence which challenges the concept 
that all somatic effects of radiation are threshold reactions. 

For more than 50 years, it has been known that X-rays and gamma rays can 
cause cancer. The first case of skin cancer in an X-ray worker was reported 
in 1902. Gamma rays were the first carcinogenic agent used in the laboratory to 
produce experimental cancer in animals. In the past half century, the literature 
concerned with radiation-induced cancers has become voluminous. Review of the 
literature shows that almost any tissue of the body will undergo malignant change 
under proper conditions of exposure. In most instances, these exposure condi- 
tions involve repeated or chonic irradiation of a small volume of tissue with 
doses totaling several thousand roentgens. This is not the kind of radiation- 
carcinogenesis I will consider today. Instead I will confine my attention to the 
incidence of malignant disease in four human populations in which the total body 
of each individual, or at least a substantial portion of the body, was exposed to 
ionizing radiation. I will also mention a retrospective study in which the history 
of previous radiation exposure has been determined for a group of children with 
leukemia and other forms of cancer. 

The first group of exposed individuals in whom the incidence of malignancy 
has been studied is composed of the radiologists. Since the first recorded case 
of leukemia in a radiologist in 1912, it has been suspected that there might be 
an association between this disease and prior radiation exposure. This sus- 
picion was supported by experiments in animals which showed that leukemia 
could be produced by irradiation with X-rays. In 1942, Henshaw and Hawkins 
made a systematic study of the causes of death in physicians. They observed 
that the incidence of leukemia in physicians was slightly higher than it was in 
the general male population. Several surveys have been carried out since this 
time to determine the incidence of leukemia in radiologists. Probably the best 
figure illustrating the increased leukemia rate is that of E. B. Lewis who has 
calculated the age-specific death rate from leukemia for radiologists and for 
the adult male’population. He estimates that the death rate from leukemia 
in radiologists is approximately eight times the expected rate for the general 
male population. While this figure of eight-times-normal is strikingly high, it 
is important to emphasize the fact that leukemia is a rare disease and that the 
actual number of people who contract it, even among the radiologists, is not 
great. Up to 1948, only 87 cases of leukemia were reported in the medical litera- 
ture among the thousands of people who had worked with X-rays during the 
preceding 50 years. I should also like to mention the fact that the cases of 
leukemia usually occurred late in the life of the radiologist. The average age 
of death of all radiologists dying from leukemia was almost 59 years. This is 
essentially the same as the 60-year average age at death from all causes. I 
should like to emphasize the fact that aside from leukemia and skin cancers, 
the incidence of other forms of interval cancer in radiologists is not increased. 
Incidentally, I should like to point out that the exposure of the radiologists is 
partial body rather than total body and is protracted over a period of many 
years. 

The second group showing an association between leukemia and radiation ex- 
posure is the Japanese people exposed to the radiations from the nuclear detona- 
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tions in 1945. Table 1 shows how the incidence of leukemia can be correlated 
with the distance of the exposed individuals from the hypocenter under the ex- 
plosion. In the last column, you can see the ratio between the observed and 
expected incidence of leukemia. With regard to the interpretation of these 
data, I would like to point out that the irradiation of these individuals, unlike 
that of the radiologists, usually involved exposure of the entire body to a single 
dose of mixed irradiation, primarily consisting of gamma rays. Dosage data 
are uncertain but the dose certainly falls off with increasing distance from the 
hypocenter. The latest unclassified figures that I have seen indicate that the 
mean dose for each of the exposure zones is 1,500 rem for the first zone, 500 for 
the second and 50 for the third. ‘These are not firm figures and do not take shield- 
ing among other factors into account. To show how uncertain they are, I would 
like to point out that almost all the cases of leukemia occurring in persons in the 
1,500 to 1,999 meter zone had severe radiation complaints ; it is difficult for me to 
believe that they did not receive considerably more than 50 rem, 


Tarte 1.—W. M. Court Brown, R. Doll, Hazards of Nuclear and Allied Radia- 
tions (table 2A, p. 85): A comparison betiveen the observed and the expected 
incidence of leukemia among survivors of the Hiroshima atomic bomb explo- 
sion exposed at various distances from the hypocenter; persons subsequently 
resident in Hiroshima City only 
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Number of cases with on- | Number of 
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I I 15 0 0.15 100.0:1 
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Et Di POOue ot cnakdeinteben ccdddiceadcabambon 6 1 2. 33 26:1 
RIND WD. INE docks dna de Man sp ec sedges lala 6 0 3. 96 LhGsi 
BOE SORNOL cS acnaodgecnndnwuiseshanaeenaed ‘| 2 | 4.83 Zsa 

All distances. ..........-.-------- seals 259 | 4 | 12. 59 47:1 





1 Calenlated from the Japanese mortality data for 1952. In calculating the numbers of expected deaths, 
iin assumptions had to be made about the rate of change of the numbers of survivors in the different 
, and the figures must be regarded as approximate estimates. 
2 Two cases referred to in table 1A are omitted, since the onset of symptoms in one patient was in 1955 and 
ther patient, who died in April 1955, the date of onset is unknown; the latter patient was exposed at a 
distance of 2,400 meters from the hy pocenter. 





The third exposed population is a series of patients with a severe form of 
rheumatic disease of the spine known as ankylosing spondylitis. This is a painful, 
crippling disease occurring mainly in young men. Intensive X-ray therapy has 
often been used with considerable success in treating this illness. X-ray doses of 
2,000 r. given to the entire spinal column through ports 10 cms. wide are not un- 
usual. Such treatments are not given all at once but are usually fractionated over 
a period of weeks. Such a series of treatments is often repeated once and possibly 
twice. In a group of 15,000 patients in Great Britain, the incidence of leukemia 
has been determined. Table 2 shows how the 37 cases found in this group were 
distributed according to the total dose administered to the bone marrow. These 
data show a linear relationship between leukemia rate and dosage. If we extrapo- 
late to the lower dose range, it is observed that the dose of radiation to the 
spine necessary to double the incidence of leukemia is of the order of 100 roent- 
gens. If the dosage data is expressed not in terms of roentgens to the bone marrow 
but, rather, in terms of megagram-roentgens to the body, the relationship between 
dose and incidence is curvilinear rather than linear. One criticism usually 
directed at this type of clinical studies on X-ray therapy patients is the lack of a 
really good control group with which to compare the treated patients. The 
British were able to collect as controls only 400 patients with spondylitis not 
treated by X-rays. Another criticism that I would like to point out is the small 
number of cases in the low-dose range, only 2 cases of leukemia having occurred 
in patients receiving less than 500 r. to the spine. 
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Tarte 2.—W. M. Court Brown, R. Doll, Hazards of Nuclear and Allied Radia- 
tions (table 2B, p. 89): The numbers of male patients developing leukemia 
and the crude incidence rates after different doses of radiation (measured 
by the marvimum amount received at a point in the spinal marrow) 





Amount of treatment, maximum dose to the spinal marrow (r.) 


—————» 


0 Less than} 500 to 1,000 to | 1,500 to | 2,000 to | 2,78 or 
500 








999 1,499 1,999 2,749 more 
Number of men developing | 
RRS honors psctbontheeienmeaenl 2 8 & 8 6 5 
Crude incidence per 10,000 men 
EE NONE 052s ancasaasspesse 10-5 2-2 41 4-2 113 13 0 17 6 











1 The rate given for “‘no treatment” has been estimated from the national vital statisties for all forms of 
leukemia, and weighted to allow for the fact that not all the patients in the series were certified as dying from 
leukemia. If lymphatic leukemia is excluded (as may be more appropriate) the rate is 0-3. 


The fourth population I would like to discuss consists of 1,700 children treated 
with X-rays in infancy. They were treated for a condition known as enlargement 
of the thymus gland which in the past has been alleged to be associated with 
sudden death of a previously healthy child or with severe and sometimes fatal 
respiratory distress in young children. When a diagnosis of thymic enlargement 
was made in a sick child, it was customary to treat the child with a beam of 
X-rays to the region of the chest. In the 1920's and 1930's, doses of 500 or 600 
roentgens or more have frequently been administered through ports which cov- 
ered the entire chest of the child. Fear of the consequences of thymic enlarge- 
ment became so intense that asymptomatic children who were suspected of hav- 
ing this condition were often given prophylactic X-ray treatment to prevent symp- 
tems. In one city in upstate New York it has been found that approximately 1 
percent of the children born between 1925 and 1950 have been treated with 
X-rays for thymic enlargement, This form of treatment is still used at the 
present time but the practice is less common and the port size is considerably 
smaller now. 

Table 3 shows a comparison of the observed and expected incidence of cancer 
in children given X-ray treatment for thymic enlargement. You can see that 
whereas 2.6 cases of cancer would be expected to occur in a normal group of 
children of this size and age distribution, 17 or probably 19 were found; 0.6 of a 
case of leukemia should have occurred but instead 7 or probably 8 have been 
found. The most striking increase of all is found in the case of thyroid cancer 
where 0.09 case was expected and 6, or more recently 10, cases have been observed. 
Now as controls we have 2,000 untreated siblings of the children which, I admit, 
are not good controls. Nevertheless, they have 5 cases of cancer rather than the 
2.7 expected cases and no cases of leukemia or thyroid cancer. (It does seem 
clear that this group of children with thymic enlargement treated with X-rays has 
an increased incidence of cancer.) ‘Table 4 illustrates how these cases of ma- 
lignant disease were distributed among the children who received more or less 
than 200 roentgens. In the case of lenkemia, you can see that there were 2 cases 
among the 600 children receiving less than 200 roentgens and 5 cases among the 
800 receiving more than 200 r. Although the number of cases is small, it seems 
likely that there is a relationship between the size of the dose and leukemia 
incidence. No other cases of cancer, however, were observed in children receiv- 
ing less than 200 r. 


TABLE 3.—E pected and observed rates for malignant neoplasia’ 


Treated children | Untreated siblings 














| 
jExpected Observed Expected Observed 


EP NNG 6 Si sins idenaemiease aka ewehnds ai ae. 2.6 17 (719) 2.7 
PN aga a i a ee ee o- 7 (28) 6 
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1 From study by Simpson, Hempelmann, and Fuller on 1,722 children treated with X-rays for thymio 
enlargement from 1926 to 1951, 
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TABLE 4.—Distribution of neoplasia according to amount of radiation? 














Under 200 r. | Over 200r. Unknown 
ET TIONED ondbnackaiadoahdeadbeedhcanitcaniessuadmadeedal 604 804 313 
OE pS eae Bs aaa La 2 5 (?1) 
SEE WNIT. 5.0cccdpescdousidntnedtictandbduatabbnebadabeeba 0 4 0 
RAMON OE CRO ini ecstinnb ns eddie cGtltintdtcnn ahaa 0 6 0 
PREECE ABB: ascniitcinrntibacdiisacismtdibitiabinzmtakiee 0 6 3 


1 From study by Simpson, Hempelmann, and Fuller on 1,722 children treated with X-rays for thymic 
enlargement from 1926 to 1951, 


The last study that I would like to mention is a so-called retrospective study 
of the history of previous X-ray exposure of 547 British children who died before 
the age of 10 from leukemia and other forms of cancer. The controls in this 
study consisted of the best friend of the child at the time of his death. Informa- 
tion was obtained from the parents as to exposure of the mother as well as the 
child and table 5 shows the information so obtained. I will mention the only 
category in which a significant difference was found in the history of X-ray 
exposure of the two groups of children. This category involved X-ray examina- 
tion of the abdomen of the child’s mother during pregnancy and this is seen in 
the first row of figures. You can see that whereas only 24 mothers of the control 
children had this form of examination, 42 or almost twice as many mothers with 
children with leukemia were examined in this way. This is 42 out of 269. A 
comparable difference also hold the exposure of the mothers of children with 
other forms of cancer and of the control children. There were 21 such examina- 
tions in the controls and 43 in the mothers of children with cancer. Now if you 
assume a cause-and-effect relationship here, you can see that all cases of childhood 
leukemia in this series cannot be explained on the basis of X-ray exposure of the 
fetus. Only about 8 percent of the total cases had this type of X-ray exposure. 
I would like to point out here that the doses involved in this type of X-ray 
examination are small. The fetus received about 2 roentgens per X-ray film 
and usually 4 to 6 films were taken per examination, 


Tante 5.—Lancct, Sept. 1, 1956: Past histories’ of X-ray examinations and 


antibiotics in 547 children with malignant disease and 547 controls matched 
for age, sex, and locality 
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PUN. Sidi ntbictdsesdeataacue Diagnostie: 
ROTI Si ciicticcinactinn 42 24 43 21 85 45 
CINE 5 sh cccicendaidebienicin 25 23} 33 32 58 55 
Before conception of survey child PN ois ing csneishindnt bstain hence teases Sass 1 
| Diagnostic: 
TI 6 Saicdthin valiant: 17 24; 2 30 | 5 54 
a icici ectbddietagieet: 103 88 | 108} 119 211 207 
Postnatal (children only) _........- TOTO OU i iicccsnaccinemwanen RBar BR ces oF Reais 
DI i it aia a ici 45 49 | 46 | 50 91 99 
| Bhice Bitinegs: - 25. ceccns 55 52} 40] 46 95 98 
Pann CSaTA nee OE PIE Si a ss tee ean 140 130 160 | 154} 300 284 
Samra OUI RIN GO ERT 89 91} 75 84 | 164 75 
Either mother or child, X-rayed - ........-2.<-eccessecsonecnasne= 179 | 172] 194] 198] 373] 370 
Postnatal medication (children): 
SN a Ne 51 45 42 42 93 87 
SGOIE: 5.2.0.0 nn Anes cidade nieade etna maaan 68 52 50 | 58 118 110 











1T. e., before the onset of the fatal illness in the affected child or equivalent period in the control child. 


2 Since a mother or child may appear in more than 1 X-ray category, the totals in this category are less than 
the sum of totals in the 3 preceding ones. 
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In summary, I would like to show (table 6) a recent paper published in 
Science by E. B. Lewis, on the relationship between leukemia and radiation 
exposure. He has taken the data from the first four surveys that I discussed 
and has calculated the probability of any single individual developing leukemia 
per rad absorbed in the bone marrow. The figures in the last column give 
his best estimate of probability turn out to be 1—2X10~-* per year. It could 
be chance, of course, that these calculations turn out to be so close, and it 
must be admitted that the dosage data in the first two groups are not accu- 
rately known. If it is not coincidence that these probabilities are practically 
identical, then the data suggest that the amount of blood-forming tissue ex- 
posed and the time during which the exposure takes place are not matters of 
great importance in the induction of leukemia. In this respect, then, the 
leunkemogenic effect of radiation would seem to be cumulative. 

In conclusion, I would like to say that the data obtained from surveys of 
exposed human populations indicate that there is a clear association between 
leukemia and previous radiation exposure. The incidence of cancer, particularly 
thyroid cancer, may be increased in children irradiated before or after birth, 
But there is no evidence that other forms of cancer are more frequent in adult 
populations exposed to total body radiation. In the case of leukemia there 
seems to be a definite relationship between the incidence of the disease and 
the dose of radiation provided the exposures are high. The data at hand is 
insufficient to allow us to conclude that this relationship also holds for low- 
dose levels. I would like to emphasize the fact that the risk of any given in- 
dividual developing leukemia is small even if he has received considerable ex- 
posure, but when large populations are involved the absolute number of people 
affected may be large. 
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Representative Horirrerp. In the meantime the staff has made ar. 
rangements for Dr. Ernest Pollard of Yale University to speak now 
instead of tomorrow. 

Proceed, please, Dr. Pollard. 


STATEMENT OF DR. ERNEST POLLARD, BIOPHYSICS DEPARTMENT, 
YALE UNIVERSITY * 


Dr. Pottarp. Thank you. As a professor, I am a little panicky 
away from the blackboard, so may I use it ? 

Represent: ative Horrrerp. You certainly may. 

Dr. Potiarp. Mr. Chairman, I am appreciative of the privilege of 
being able to testify before this committee. I think I should first of 
all give an indication of my field of competence, because since I have 
never worked on anything larger than a bacterium, and this is approxi- 
mately one million millionth of the size of a human being, it might 
very well be questioned as to whether I have any right to come up here 
at all. I ama biophysicist, which means I need to know biology and 
physics. I am one of the very small number of the nuclear physicists 
who at the time of the explosion of the atom bomb decided to do some- 
thing about living things. I have devoted my study to biology since 
1947, and in particular I and a very strong group that work for me, 
have been trying to find out the fundamental nature of the action of 
radiation on living things. 

One must realize that there is throughout biology a considerable 
similarity. The same molecules wale! h are concerned with animal cells 
are also concerned with plant and bacterial cells. We do learn the fact 
that there is a great importance to these large molecules, and this 
brings me perhaps to the first point I would like to make and that is 
that we really do need a much more fundamental understanding of 
biology. 

If I might, without showing disrespect, make a short remark about 

the difference between physics and biology; in our atomic energy es- 
tablishments great attention is paid to fundamental physics. There 
must be at least $25 million a year going into research on high energy 
machines. These are not related to the immediate problem of nuclear 
energy at all. T hey are very definitely of an esoteric character con- 
cerned with high energy problems. There is no analogy in biology. 


Professor of biophysics and chairman of the department of biophysics at Yale, fis one 
of the Nation’s outstanding scientists in this relatively new field of biophysics. Under 
a $3 million grant from the John A. Hartford Foundation, the new department of bio- 
physics at Yale, under Professor Pollard’s direction, will apply the methods of atomic 
ind nuclear physics to a purely humanitarian and constructive end. For example, Pro- 
fessor Pollard is using a cyclotron to study disease-producing viruses. The son of 
Emma H. and the late Samuel Pollard, the Yale professor was born in Chaotong Fu 
Yunnan, China, where his father was a missionary for the British Methodists. He received 
his legree from Caius College (Cambridge, England) in 1928, and his Ph. D. in 
193% ‘avendish Laboratory at Cambridge. He was an assistant lecturer at Leeds 

i ; and from 19380 to 1933, when he came to Yale as a Sterling Fellow. 
an instructor in physics at Yale in 1936, was named an assistant 
professor in 1939, an associate professor in 1942, and was promoted to the rank of 
professor in 1950. He was chairman of Yale’s biophysics committee from 1946 until 
1955, when he was named chairman of the department of biophysics. Mr. Pollard helped 
design and build Yale's first atom-smashing cyclotron in 1939. During World War Il 
he worked on radar problems at the radiation laboratory of the Massachusetts Institute 
of Technology. For his research, which was instrumental in establishing radar systems 
in Europe and the Pacific to detect the approach of enemy planes and to guide lost 
Allied aire back to their home bases, he was awarded a Presidential Certificate of 
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Merit. He is the author of Applied Nuclear Physics, published originally in 1942 and 
again in a second edition in 1949. He also is the author of Microwaves and Radar 
Electrones (1947) | Physics of Viruses (1953); and of numerous papers published in 


scientific and technical journals. From 1! 51 to 1954 he was a member of the Scientific 
Advisory Board to the U. S. Air Force. (Submitted by witness.) 
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There we could use the fundamental biological research, and it would 
be a fine thing to see this disparity removed. I think it could be re- 
moved in part within the atomic energy operations, I do need to say 
that. 

The nature of radiation action is worth a moment’s thought. It is 
very energetic. I could not help wondering whether an analogy to the 
question as to whether there be a threshold effect would not be some- 
thing like this. If you notice that a thousand shafts of lightning 
knock down a thousand trees in a town whether you would argue that 
one shaft of lightning would knock down one tree. I cannot help 
thinking that there is something like that. The energy released by 
jonizing energy is enormous, far in excess of any chemical process, in 
excess by a factor of between 10 and 100 always. 

In view of this very energetic release, the large molecules which are 
very important in biology, are inactivated. We have in our group 
studied over 30 of these since the war, and as for the cases where we 
observed a recovery of the actual effect which is received from the 
radiation damage, I cannot recall one such case occurring. 

When we say there is recovery—unquestionably there is no doubt 
that a human being irradiated does recover—he is calling up either 
some other mechanism in a cell or he is calling on a new cell. The 
problem we have really to ask ourselves is, therefore, the question as 
to whether this recovery mechanism is going to be adequate for the 
rest of that person’s life. Whether we are going to let the cell which 
has been damaged go through the 30 or so more divisions it may yet 
have to undergo in the lifetime of the person, and say we know it has 
recovered adequately, or whether we take a rather careful viewpoint on 
that, and say we are not so sure. 

Representative Hortrietp. Are you talking about the somatic cells? 

Dr. Pottarn, Yes; I am speaking about somatic cells. I believe the 
germ cells undergo forty-odd divisions, and a run-of-the-mill cell, not 
all—the peripheral cells in the skin are not going to be used any 
more—the ones that are deeper down will have to be used again, and a 
human lives a Jong time, and many divisions have to occur. 

We are stating as an act of faith that when we say recovery is 
complete, that that recovery is adequate for something like 60 years, 
and many divisions. This is an act of faith which I as a biophysicst 
am not ready to undertake. I would definitely not want in the record 
any statement that I thought such recovery would last throughout the 
lifetime of an individual. I would prefer to be very much more 
conservative, 

The energetic events that occur in the cell are very far apart any- 
way. If we take 100 r. as a dose, these events then occur on the aver- 
age about as far apart as the cells are themselves far apart. So if 
we are saying that there is a threshold of an kind, what we are say- 
ing is that the events have to be close together. That is, 100 r. al- 
ready has them far apart. If there is a threshold then the events 
must be close together. That is why there is a threshold. They must 
occur close together in time or in space. Even for 100 r. they are 
already far apart, or the order of distance apart of two cells. There- 
fore, we have a right to say that if 2 or more are needed in 1 cell, we 
would expect not a linear increase in radiation effect—we would never 
see a linear increase—we would always see an increase which would 
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look something like this. This is observed [drawing on the black- 
board]. 

The effect would appear in this parabolic way showing a curve of 
this form. For the case of certain types of chromosome aberrations 
this is observed. 

If we see something which looks like this, the tipoff is that it is 
aiming at a point out on the dose axis which does look like a threshold, 
If we do not see that, then I think we have to presume as a hypothesis 
to work on and ouide ourselves that it will indeed go straight down and 
will be linear. If it looks like it is linear up high, the probability is 
that it is linear down low. It is a very strange thing to explain a 
curve of the following form (drawing). I know of no interpretation 
of a curve which is linear in the upper part and ceases to be linear 
below. It is very queer. I know nothing about fundamental radi- 

ology that leads me to expect an effect of that kind. So if I see a linear 
effect up high, then I suspect it is indeed linear all the way down, 

I notice that the usual effect in a class is taking place and a little 
diversion will not be harmful. I have what is vetting to be the trade- 
mark of the biophysicist. These are on the market now as poppet 
beads. I can represent here one form of the key molecules of biology. 
This is a molecule of nucleic acid. It occurs in a long chain and it is 
doubled. On this chain are different colored beads indicated. They 
are the markers which determine our heredity and combinations in 
some manner of these are responsible for what conditions the nature 
of a cell and its future existence will be. 

What radiation can do is either break one of these in which case we 
have a partial chain, or it can break both. If both are broken, and this 
is a somewhat unusual event, and it may account for a little difference 
between cosmic rays and internally contained radiation, there is no 
simple agency of repair, not for a molecule. They may indeed repair 
and randomly perhaps they do. But if a break like this occurs and 
is perpetuated, then just as I will have trouble putting this back to- 
eether—and I do not want to take the committee’s time to do so—so 
will the on have trouble putting it back together. The damage will 
therefore be in some measure permanent. 

The lack of our seeing permanent damage is partly the lack of our 
knowledge tod: ay. We do not know how to ‘Jook., I would like to make 
an analogy between a person whose car has a convoy run into the side 
of it and scratches the paint. I can easily see that the people in charge 
of the convoy might say that the motor is not affected and the tires are 
all right, but if he did not know about the phenomenon of the paint 
rusting, he would not come to accurate estimate of the damage to the 
owner. The owner might in fact have sustained considerable damage 
to the car. 

It is the same today. We don’t yet understand how the cell works 
and how it is tied into the whole body. In fact, in the things that 
concern degenerative disease, we have almost no knowledge. We have 
very good ‘know ledge on communicable disease, but in degenerative 
disease we are not so sure. I would like to submit that radiation does 
produce a scratch, and it always produces a scratch, and it would be a 
conservative and wise thing to say that we were not sure whether that 
scratch were important or not, and to then treat it as though it was, be- 
cause it might be like the paint on the automobile, it can run into a 
hundred dollars. 
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I have been asked by the committee to answer one specific question. 
This is the question as to whether radiation from materials such as 
strontium, which is inside the body, differs in any way from radiation 
which is outside, such as cosmic rays, I have put this to my group, 
and we have thought about it. It isa very difficult question. It is nota 
simple question to answer. I think for the guidance of the committee, 
I would like to give an answer as follows: 

The only reason why the effect could be less would be that some 
radiation were buried in the bone, and it would have to be buried 
deep, and in a part that does not matter. I do not think that even bone 
can be considered as inert. Certainly if a bone breaks and heals, it 
means it is not inert. I would therefore be very surprised if there was 
ever any case in which internal radiation were less effective than exter- 
nal radiation. I would expect it by all likelihood to be the same. 

There are, however, reasons that might make it more. If it should 
turn out, as been said by two people, Dr. Mazia and Dr. Steffensen, 
that calcium binds together the units of the chromosome and strontium 
could replace calcium, then indeed internal radiation of that type 
might be extremely effective. 

Therefore, one might get a higher proportion. 

Personally, I would be surprised if this effect exceeded 2, and I 
would be very surprised if it exceeded 10. I would suggest for a 
working operation for the committee that it treat external and internal 
radiation, as equal as regards its physics only—I am not speaking 
about whether irradiating the bone marrow or the bone is more im- 
portant. ; : 

Specifically, for example, I would say that internal potassium which 
competes with strontium is probably far less effective and less danger- 
ous because it is primarily in the muscle and the strontium is in the 
bone. I am not concerned with such matters of being near vulnerable 
material. I am speaking solely of the physical nature of the radia- 
tion. I would suggest that it be approximately the same. Thank you. 

Representative Horrrretp. Thank you very much, Dr, Pollard. Are 
there any questions ¢ 

(A supplementary statement by Dr. Pollard follows :) 


FIELD OF COMPETENCE 


My field of competence has been (1) in the nature of the physical character 
of radiation in which I have worked since my graduation from Cambridge in 
1928, (2) the action of radiation on large molecules, viruses and bacteria, a field 
in which I have worked since 1947 with the strong support of a group of able 
people, (3) in this work we have followed a fundamental approach aimed at 
the understanding of the basie character of radiation action, 


RADIATION AND BIOLOGY 


Understanding radiation action requires understanding of biology. It is here 
that we lack certainty and a large part of this lack is due to the low priority 
Which has been accorded biological research in the national scheme. A great 
deal of effort has gone into guided missiles, weapons, and into fundamental re- 
search in high energy physics and reactor physics. In the process, until very 
recently, the fundamental biological studies have not had the research support 
Which they should have had. Some of this is apparent in the fact that a biology 
doctor of philosophy can expect to earn rather less than a physics doetor of 
philosophy, even though his field of work is definitely of more human value and 
should therefore be paid more highly. It is hoped that the committee will look 
into the use of Atomic Energy Commission funds for the support of research, 
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and to see whether there is a disparity between the physical and the biological 
sciences, 


GENERAL STATEMENT OF RADIATION AND CELLULAR PROCESSES 


With the limited understanding that we have, we can say that no living cel] 
which has received the effects of penetrating radiation is the same as before, 
3y this I mean that if a group of ionizations are released within a cell they will 
cause an alteration at the point where they were produced which will either dam- 
age a molecule of importance to the cell, or produce effects which will have the 
equivalent of poisoning a molecule not far away. 

Once this alteration has been produced it may well be that the cell appears to 
recover, but if it does so it is solely because it has not been put in circumstances 
requiring its full capability. There is no evidence from our work that any 
appreciable part of radiation damage is restored fully. 

Therefore, radiation puts a heavy demand on the replacement of cells. This 
replacement may not be perfectly achieved; by which I mean that a new cell 
which is grown from a healthy cell may not be exactly the same as the one 
which was damaged, and which had to be replaced. In this case, as time goes 
on and these cells divide, more and more there may occur long-delayed effects, 
These are due to the fact that the replacement cell did not contain exactly the 
right complement of parts for some function later in life. In this case late ef- 
fects are to be expected, and they are found. 


RADIATION WITHIN AND WITHOUT THE ORGANISM 


Radiation produced from within the organism could only be less effective for 
one reason—burial in nonactive material. The burial would have to be deep 
and the material would have to be quite definitely nonactive. This to my 
mind is highly doubtful because there seems to be little or no nonactive material 
in a living human being and also the depth to which the burial would have to 
oceur exceeds that of the thickness of most bone. So I would feel that it would 
be highly doubtful that radiation from within the organism could ever be less 
effective than that from without. Otherwise one would expect it to be equal. 
It could, however, be more effective. This would be the case if the radioactive 
element were part of a chromosome or any essential cellular element. This in- 
creased effectiveness has been observed for P-32 in viruses and bacteria. No 
work has yet been done on Sr-90 or Cs-137 in simple organisms. It should 
be done. 

To summarize, I would be surprised if the effectiveness of internally applied 
radiation exceeded external by twofold, very surprised if it exceeded by ten- 
fold, and I would find it even more surprising if it proved to be less effective than 
external. 

BEARING ON PRESENT TOLERANCES 


The presences of a microcurie of Sr-90 could in 1 year cause serious damage 
to at least 10° cells. This is an appreciable fraction of the cells invaded or ap- 
proached by Sr-90. It would seem unwise to consider such a stress on cell 
replacement as “tolerance.” K-40, which is tenfold less in amount and spread 
far more widely, does less damage and yet it may be a Significant factor in ulti- 
mate aging. 

It would seem very unlikely to me that it would indeed be true that the ef- 
fects of 1 microcurie of Sr—90 in even a small fraction of the population would 
not be clearly observed after 30 years of observation. 

It seems to me that there is too great a tendency to apply laboratory tolerances 
to the whole world population. Pollution in the air of a chemical laboratory 
which is borne cheerfully by chemists would be intolerable in the atmosphere 
of a city. Therefore I suggest a reduced maximum tolerance and the policy of 
regarding all radiation with suspicion. 

Representative Horirretp. Now we will invite the following persons 
foward to the conference table to discuss today’s testimony: Dr. Frie- 
dell, Dr. Brues, Dr. Lewis, Dr. Hardin Jones, Dr. Ernest Pollard, and 
Dr. Shields Warren. 

There has been some conflicting testimony today and I am not Just 
sure how to start, but certainly Dr. Lewis’ testimony and that of Dr. 
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Furth are in contradiction to each other. As long as Dr. Warren had 
the last say on Dr, Lewis’ testimony, I would like to ask Dr. Lewis— 
would you like to make a comment on the criticism of your statement? 


DISCUSSION BY DRS. H. L. FRIEDELL, AUSTIN BRUES, EDWARD 
LEWIS, HARDIN JONES, ERNEST POLLARD, AND SHIELDS 
WARREN 


Dr. Lewrs. Thank you, Mr. Chairman. I made the point near the 
end of my testimony that the conclusions that I arrived at did not de- 
pend in any way upon assuming that leukemia results from a somatic 
mutation. I believe that one of the objections was that I had assumed 
that leukemia was due to such mutation. 

Another possible criticism, I believe, was the implication that radi- 
ologists have received tremendous doses of radiation as evidenced by 
claims in some quarters that they have experienced a 5-year reduction 
in life span. I would estimate that the average radiologist did not 
receive more than about 10 roentgens per year ‘of oc cupational expo- 
sure, judging from the place on the chart where the slant line inter- 
sected the green, dashed line. This suggests that radiologists as a 
group should not experience the marked decrease in life span ‘that some 
have claimed. 

In my opinion, radiologists do not suffer more than a 1-year reduc- 
tion in lifespan. This conclusion is supported by the studies of Dublin 
and Spiegelman for the period 1938 to 1942, which indicate that radi- 
ologists live longer than physicians. 

Representative Hontrretp, You used 1938 to 1942? 

Dr. Lewis. That is correct, but I have also extended the observation 
to 1952. I should hasten to add that radiologists do not live as long 
as medical specialists. Medical specialists are a select group. They 
have a life expectancy greater than the general practitioner. Radi- 
ologists belong to the group of medical specialists, but they do not 
live so long as the average medical specialist. So, radiologists do 
suffer some reduction in life span, but probably much less than a 5-year 
reduction. This means that radiologists have probably averaged much 
less than 1,000 r. as a lifetime absorbed dose. 

I do not remember other points now that I would care to comment on. 
I hesitate to do so, in any case, since Dr. Furth is not present today. 

Representative Horirirerp. Dr. Jones, would you care to comment on 
what Dr. Lewis has said, and then we will ask Dr. Friedell. 

Dr. Jones. Yes; I would. The radiologists in my opinion do show 
a life span shortening effect. The analysis i is somewhat complicated. 
It began with Dr. Shields Warren’s study of the average age at death 
of radiologists, which showed it was approximately 5 to 6 years less 
than for physicians in general and indicated radiologists would live 
less long. ‘There is also . Dr. Lewis’ own study, in which he arrived at 
a different conclusion; however, by looking at the current distribution 
of ages in the radiologists, one could show there is a very marked 
shift in the age distribution toward the younger men, because they 
have come into the field relatively recently. The whole population of 
radiologists is expanding. Over the last 20 years, it has expanded 
by a factor of two, at least. It means that the use of approximate 
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methods of analysis, such as “age at death,” can lead to erroneous con- 
clusions. 

Using Dr. Warren’s data, where I have a list of the ages of the radi- 
ologists who died, and also Dr. Lewis’ population census of radiol- 
ogists, and putting these together, we can analyze the data in one of the 
usual ways of looking at vital data, by finding age-specific death rates 
of radiologists. 

We find, for radiologists up to age 50, the death rates are quite 
comparable to the average white male deaths in the general popu- 
lation, and are quite comparable to the death rates seen in physi- 
cians as a whole. Above age 50, one finds there is an increasing 
death rate in radiologists, which is quite pronounced at ages 65, 70, 
and above, where ultimately the radiologists are dying twice as fast 
as the general population and all physicians of the same age. 

Senator Jackson. From a scientific standpoint, w ould you say that 
the data are fairly accurate on a comparative basis? Are these people 
dying of heart attack and so on? Would you say that was induced by 
their profession or work? I am just asking the general question 
whether you feel that the data from a scientific ‘standpoint are reliable, 

Dr. Jones. The way life-shortening effects of harmful conditions 
in general work, including the effects of radiation, is that avet ‘age 
ordinary ‘causes of death come on sooner than they would otherwise. 

Senator Jackson. Does it follow that the work in radiology is the 
proximate cause ¢ 

Dr. Jones. One is looking for small absolute values, and one must 
be very, very careful. We do not know, in this case. It would be 
the thing that we would suspect as the foremost of the list of things 
that we could suspect. 

Senator Jackson. Are there other specialists outside the medical 
field who die in the same age range ? 

Dr. Jones. I think it would be very worthwhile to examine mor- 

tality data for all the medical specialists and do it in the same way. 
I would also recommend that a much more thorough study of radiolo- 
gists be made. 

Senator Jackson. Unless you get accurate case histories and run 
down a series of them and find out exactly what they died of, how 
could you really determine that their work in their profession is the 
proximate cause of shortening of their life? 

Dr. Jones. You may not be able to determine this, even after you 
have run down case histories. These are very difficult things to “do. 

Senator Jackson. Is not this necessary if you are going to ha ive good 
data from which to make your conclusions ? 

Dr. Jones. I am sure we would all agree we would like to have 
much more accurate data on all things of this sort, but significant 
conclusions may be possible even from the limited data available. 

Dr. Warren. If I might make a comment here, Mr. Chairman, 
I think that one of the striking things about the effect of radiation in 
shortening life is that there is no specific means by which it short- 
ens life. You cannot pick out a particular disease and say, “This is the 
cause of radiation life shortening. You have to take the overall 
picture. Whether you deal with mice or fruit flies or rats or dogs, 
pigs, goats, humans, this general trend of life shortening shows up 
all the way through, not from any one specific cause. I think this 
is somewhat comparable with the mutation effect. The rate of muta- 
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tion is increased, but there is no mutation that is characteristic of 
radiation. There are a great variety of mutations that are brought 
about. I think this goes back to the very sound point made by Dr. 
Pollard and some of the earlier speakers, that the significant changes 
are changes that take place in the fundamental building blocks of 
our cells, and the manifestation of these changes may be : apparent in 
quite a wide number of ways. 

Representative Hortrintp. Dr. Jones, do you have something to 
add ¢ 

Dr. Jones. When I have my next turn, I will have something to 
say. 

Representative Hortrietp. Dr. Friedell, do you have a comment? 

Dr, l'rtepety, [ have no prepared comments. I think I would have 
to state my position as saying that I am concerned by what these gen- 
tlemen have said, but not yet fully convinced. 

First of all, 1 think you want to make sure that the selection of cases 
from both groups are exactly the same. Apparently evidence is being 
presented which shows these may be comparable. I think it is im- 
portant to show that the activity of radiology itself does not attract 
into it people who are likely to have a higher death rate, especially at 
the higher ages, because very early in radiology an individual who 
had one sort of illness or another was often given the advice to enter 

radiology, because it appeared to be a sedentary occupation, I do 
not know whether this in any way alters the figures at all, but I think 
it is well to look at this from every point of view. It is difficult trying 
to make this decision from the statistics alone. 

An example of how this might occur is something that was presented 
by George Bernard Shaw many years ago. He was violently opposed 
to immunization as I think many of you know. Statistics were pre- 
sented to him to show that as immunization increased, various com- 
municable diseases decreased in England. He hired somebody to count 
up the telegraph poles erected in various years in some particular 
streets, and it turned out that telegraph poles were being increased in 
number. He said, “Therefore, this is clear evidence that the way to 
eliminate communicable diseases is to build a lot of telegraph poles.” 

All I would like to say here is that the important point is that if 
you really want to understand it, you have to look at the mechanism 
of the occurrence. I think this is where the emphasis should lie. 

I am very pleased to have Dr. Pollard speak to this matter as he did 
this afternoon. 

Representative Hortrrmxp. I will withhold my remarks until I ask 
Dr. Brues to comment, and then back to Dr. Jones. 

Dr. Brues. I think a lot of specific comments have been made. I 
would like to make a sort of general one about scientific evidence, be- 
cause that seems to come up here. 

If you have two experiments with the same kind of mice treated in 
the same way, you will expect the second one to come out the same way 
the first one did. You take a prediction of that sort as simply rep- 
resenting honesty on the part of the investigator. That is why the 
experiment was repeated in which the irradiated mice lived a little 
longer because it was difficult to believe, and needed to be confirmed. 
I think perhaps a lot of our experiments that came out the “right” way 
should be repeated also. 
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The next experimental evidence is where you irradiate one kind of 
mice, and then you infer from that that some other sort of mouse will 
behave in the same way. That is not quite so scientific a route, and you 
have to spread your work out a bit to get the answer. 

Then there is the third situation where you do an experiment, having 
to do with a certain situation, and you transfer the results of that 
quite a distance. You demonstrate a certain percentage of life short- 
ening at a high level, and you guess from this that you will see a cer- 
tain amount at the low level which it would be impossible to ever de- 
tect. Or you study it in the mouse and you multiply the result by the 
difference in the life spans, and you come out again with a figure. 
When this is mixed up with mechanisms that you have no way of 
looking at, it becomes a little more speculative. 

I find personally that Dr. Lewis’ figures are extremely interesting 
and suggestive. I think that probably some of the warmth of the 
statements that have come out in relation to this are owing to what 
some people have perhaps done to Dr, Lewis’ work, saying that so 
many leukemias will be produced under certain conditions. I think 
if we look at it that way, we are perhaps a little less in danger of over- 
weighting our thoughts on the side of radiation hazards and for getting 
a lot of other things that are important and related. 

Representative “Horrrrerp, Thank you. Now Dr, Jones. 

Dr. Jones. I would like to go back to the leukemia study, particu- 
larly among the Japanese. It is unfortunate but there is a great deal 
that is unknown about these people. We do not know the doses that 
go with any individual person with any certainty. When I say “any 
certainty,” the uncertainty in this case is a very large number. Many 
of these cases appear to have received, on the record, doses that may 
have run 5 to 10,000 r., and yet some of these individuals have essen- 
tially shown no radiation symptoms, in spite of being out in the open. 
These are rather unbelievable upper limits of radiation doses to have 
produced no visible effects. 

On the other hand, there are other individuals on the record who 
reported severe radiation symptoms under circumstances where, be- 
cause of the geometry, they have received only 5 r., or less. 

It is possible to do some major reconstruction of the data, I my- 
self believe that the thesis that Dr. Lewis presents is a very good one 
to go by at this time, namely, that the induction of leukemia by radia- 
tion is proportional to the dose. E verything we can test critically 
here suggests the idea of proportionality. 

In the first place, the individuals who first put this tentative data 
together—the most tentative, I guess, ever put together for humans 
under critical assessment—thought that the evidence suggested that 
no leukemogenic effect occurred until some threshold dose was reached, 
Since they are the primary individuals who put this data together, 
I think their conclusions should be kept in mind as we go on with 
other considerations, I prefer not to go along with this ‘hypothesis 
of a threshold effect, but I think the sc ientists ought to weigh their 
evidence carefully. 

If we do the best job we can—I have spent much of my time trying 
to reconstruct this data myself—and look at the individuals whose 
symptoms show that they got definite exposure, and we can estimate 
the dosage rates to go with these symptoms, then the story that Dr. 
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Lewis presented to you bec omes quite intensified. Instead of finding 
the probability of leukemia to be one chance in a million per person 
per roentgen exposure per year of life lived after exposure, the prob- 
ability would be 5 times this value, or 5 times 10 to the minus sixth 
chances of leukemia per roentgen exposure per person alive a year after 
exposure. This means that the chance of developing leukemia may 
be very much greater than Dr. Lewis estimated. If it is this larger 
value which is applicable (and it is not the upper limit one could derive 
from this data, but simply one plansible estimate), it would mean that 
the 3 to 5 roentgens of natural radiation that the Japanese ordinarily 
received, just as Americans ordinarily receive this amount in their 
lives, would account for the reported incidence of leukemia among the 
general population in Japan. This is something we cannot ex melude 
today, but it is something we ought to keep in mind, because this is 
what the data m: ry really mean when we finish analyzing them. 

I think that this kind of infor mation warrants development to the 
utmost refinement, because we are going to have to make a great many 
practical conclusions based on this kind of evidence. 

Representative Hortrrerp. Dr. Friedell. 

Dr. Frreverz. I intended to make some comment about the curves 
that were drawn here with regard to the incidence of leukemia and 
dose. I feel that if we leave out other considerations that help the 
data, and look at the data as they exist, we find that it is not possible 
to make any conclusions about the low doses. This has been amply 
discussed by everybody who has examined this, including Dr. Lewis, 
who presented it this way. 

I would like to point out that really one of the important decisions 
is not what the incidence of radiation is at high lev els so much, and 
not whether radiation at higher levels will produce effects, but whether 
there really is a threshold or not. Thus when we get into the very 
low dose levels, we are going to talk about whether leukemia can occur. 
I feel that the data presented here do not permit us to make this kind 
of conclusion. 

I would like to point out that the way that these data should be 
presented is to draw some kind of distribution curve about each of 
these points. You can estimate quickly what the chances are that 
the lowest point would be at that level. It could be easily 6 plus 214 
or 6 minus 214 two-thirds of the time. The same thing is true of the 
other point listed as six. This is one standard deviation. ‘Therefore, 
the way to draw the number would be a spread in which you could 
draw several kinds of curves. I might add that this is perhaps a good 
first approximation, and it is reasonable to examine it this way, but 
I would also submit that it is not possible from these data alone to 
conclude at very low levels or small doses that you would necessarily 
have some biological effects, such as leukemia, specifically, in this case. 

This kind of argument could be used for one molecule of cyanide. 
You could argue that 1 molecule of cyanide introduced into the body 
would find 1 cell on which the organism really depends, and therefore 
there is no threshold for cyanide. The truth of the matter is that toxi- 
cologts ts cannot come out with this kind of explanation unless they use 
the reasoning I proposed. 

The other thing that could be said about this is that a reasonable 
way of writing this data is to put it on logarithmic type curves which 
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markedly extend the lower end of this to give you a good idea of how 
long this dotted line really is. This perhaps would be a fairer way of 
looking at the data so that people who may be uninitiated in this would 
not necessarily conclude that very low doses will surely result in 
leukemia. 

On the other hand, I think there is evidence to indicate that we 
better look seriously at the idea that a single hit is effective. ‘There- 
fore, I don’t feel that we can in any way exclude this, but I think we 
ought to have some kind of reservations about how quickly and how 
rabidly we use these data to apply them to any decisions we have to 
make, 

Representative Hortrrecp, Dr, Pollard, would you have something 
to say on that? 

Dr. Potiarp. I really do not have a great deal. It does seem that 
the linear line is very reasonable, I would personally be surprised if it 
were not something like this. Really, the only thing I can say is that 
I feel tolerably confident that the primary radiation damage is severe, 
and probably acts on the genetic part of the cells, somatic or not. 
What results from this, whether that cell becomes more sensitive to a 
virus or what occurs, I don’t know. I would be very surprised if it 
took a lot of nagging away at that cell to produce an effect. It would 
either be “bingo,” and it has got it, or not, and that would give the 
linear kind of relation. 

I think the linear line is rational. I would like to see policy mo- 
mentarily at least based on it. If later on it seems there is a threshold, 
then we are not too badly off. But if there is not a threshold, and we 
bet there is one, we are in trouble. 

Representative Hortrretp. Dr. Lewis, we will let you have a rejoin- 
der, and then we will have a 2- or 38-minute summation on this 
problem of threshold, and we will conclude the hearing. 

Dr. Lewis. Thank you, Mr. Chairman. I would like to go back to 
the point about the six individuals in the dotted portion of the curve. 
Remember, I said that in the zone from 1,500 to 2,000 meters there 
were 10 individuals who died of leukemia among 23,000 survivors; 
whereas, in the zone beyond 2,000 meters there were 26 cases among 
156,400 survivors. The point has been challenged that this is not sta- 
tistically significant—the difference between these two zones. I have 
not been able to put on the chart all of the figures. The figures are 
published in a paper, which by the way does discuss the statistical sig- 
nificance of the results. 

Representative Horirrerp, Are you referring to the article in the 
Science Magazine of May 15? 

Dr. Lewis. Yes. I want to go back and point out that no survivor 
in the zone from 1,500 to 2,000 meters could have received more than 
approximately 100 rem. ‘That is, 100 rem is the maximum dose in 
either city at 1,500 meters, 

Beyond 2,000 meters there was esentially no dose at all, so there was 
a “control” zone. “Control” meaning here was a zone in which the 
people got essentially no radiation. It was much less probably than 
10 r. There were 26 cases among 156,000 in this control zone, com- 
pared to 10 cases among 23,000 in the 1,500- to 2,000-meter zone. If 
you apply the statistical test for comparing the difference between 
two such frequencies, it is significant at a level that is called 2 per- 
cent. That means there are 2 chances in 100 that this could happen. 
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That is something that we ordinarily operate on to mean that it is 
not due to chance. In other words, the two zones we are considering 
differ significantly with respect to incidence of leukemia. 

We would like to see the chance one in a million. 

Representative Hortrretp. How reliable do you consider the Hiro- 
shima dose curves? 

Dr. Lewis. As an upper limit they are very reliable since the 
physics of the atom bomb burst is what sets these so- called air doses 
which are upper limits. Where the uncertainty comes in is how much 
the survivors absorbed and whether the people were evenly distributed 
or not. There is still, I think, a need for a breakdown on the census 
figures. I think that the census material is available. I have as- 
sumed that the survivors were pretty randomly distributed throughout 
the zone. 

Representative Hortriecp. Dr. Warren. 

Dr. Warren. I would not like to make any added comments on 
the threshold matter, but I would like to speak to the reliability of 
the data at Hiroshima and Nagasaki. These are as reliable human 
data as we have. Fortunately, there are careful studies now being 
made of reconstructing as nearly as possible the conditions under 
which the various survivors found themselves. This is a little hard 
to do a number of years afterward. But fortunately, in some we had 
fair detail quite early. I would feel that the dose levels of these in- 
dividuals eventually can be calculated within plus or minus 25 per- 
cent. This is a very difficult and tedious job, because the geometry 
varies for each of the people involved. For example, in one building 
in which we studied in Hiroshima, which was within the 1,000-meter 
zone, there were 88 who died, 8 who survived. In subsequent study 
of the building, it was found that the three who survived were heavily 

yrotected by earth and cement, and approximate reconstruction can 
be very soundly worked out for them. 

I think there is this important thing to remember, that in this whole 
field of radiation biology we are working on a relatively new type of 
research in which very few people were interested originally. When 
I was first interested in 1925, there were not more than 10 or 12 other 
5 ople in the world interested in it. This interest and importance has 
een built up very rapidly. However, there were so many things to be 
learned that the picture had to be roughed in in very broad sketches 
at first, and then more and more of the detail filled in. 

Our initial studies at Hiroshima and Nagasaki in September 1945 
and from then on were very crude studies, “indeed. They had to be. 
We were working vitrually without facilities, with thousands of 
injured p ae for whom we had to care with the aid of our Japanese 
colleagues, who did a very fine and wonderful job. We had to learn 
what we could, At the same time we were trying to impart to our 
Japanese colleagues the knowledge that had been gained of antibiotics 
and other things. 

That is simply to illustrate that many of — fine points will have 
to be worked out. There is work here for 25, 30, and 50 years before all 
these points can be answered. I think thet we are now at the stage 
when many of the essential landmarks, at least, have been recognized, 
and we can go to a much more detailed and accurate survey. 

Representative Hottrrevp. Thank you. Dr. Warren, one of the 
staff members has told me that you have to be excused to catch a plane 
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very soon. Do you care to make any further comment, and then the 
Chair will excuse you if you wish to leave, 

Dr. Warren. Thank you very much, indeed, sir, I have about 15 
minutes more I can spare before I go, and, because I am deeply in- 
terested in this, I would like to stay. 

Representative Hoxrrrerp. That is fine. Would you start the sum- 
mary, then, on the question of the threshold ? 

Dr. Warren. Yes. I have favored the concept of a threshold for 
most carcinogenic agents for a number of reasons. First, that in our 
experiments with carcinogenic hydrocarbons, which are known to be 
derived from such substances as coal tar, we find that a threshold exists 
for them. We find that, with many of the medicines that are com- 
monly used for one or another effect on cells, there is a threshold effect 
to these medicines. We know, by analogy with simple things in phys- 
ics, there is a threshold effect. For example, I can push very lightly 
against this stand of the microphone, and it will not move until I 
reach the threshold of where that push is greater than the friction 
which tends to hold it still. 

I like to think of this reparative force, these agents and others which 
Dr. Furth mentioned, as being things which counteract the effect of 
very low level radiation. As I said, it is hard for me to believe that 
the cells that I know have been irradiated to a significant degree in 
this part of my wrist are any different from the adjacent cells. Of 
course, in that area, small as it is, there are tens and hundreds of 
thousands of cells involved. 

I quite agree that it is entirely possible that I am wrong and that 
others are wrong. In fact, physicists were positive for many years 
that there could be no such thing as a solution of the atomic-energy 
problem, and that the atom was the ultimate extent to which matter 
could be subdivided. That has been proved wrong. I could be wrong. 
I think here, where we are dealing with matters of national policy, 
you need te be concerned not with possibilities—and [ will admit that 
the threshold idea is a perfectly good possibility—but, rather, to weigh 
relative probabilities. I do not regard the complete linearity of the 
induction of leukemia as in the range of a reasonable probability. I 
would not rule it out as a possibility. Thank you very much. 

Representative Houirierp. Thank you. Dr. Brues, would you like 
to summarize ? 

Dr. Brvrs. I might add just a brief word gained in justification of 
the possibility that there is a threshold for the production of cancer. 
I think, as we see experimental cancer and a lot of cancer occurring 
in human beings, we are impressed with the fact not that it is just 
something which strikes like lightning, although, indeed, many times 
it appears to, but that it frequently appears in a tissue which for 
some reason or other is already somewhat disarranged, and the light- 
ning tends to strike in those places. 

I think this concept might perhaps bring a little compatibility be- 
tween the gene type of notion and the notion that some of us who 
have been in clinical work seem to adhere to, that there may not be a 
complete threshold, but there is something apparently close to being 
& threshold. 

I would also say that although someone mentioned that if we don’t 
take this no-threshold business very seriously, we may be in real 
trouble, I think we have to consider how much trouble we are In on 
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the basis of the natural environment in any case. We don’t worry 
about the trouble we are in because someone invented fire. 

Representative Hotrrretp, Thank you. Dr. Jones. 

Dr. Jones. This shows how much disagreement there is among us, 
because I think most of the evidence which exists shows that apparent 
thresholds are better explained in terms of the continuous probability 

of these effects occurring. We are dealing with the same body of 
facts in arriving at these varied conclusions. 

Part of the difference is in the way people look at small quantities. 
In very small doses, you get very small effects. It is very easy to say 
that very smali effects are zero, and then you have the threshold con- 
cept. If very small effects are just that—‘very small”—then you do 
not have a threshold phenomenon. It is troubles of this sort that we 
get into when we have to multiply huge populations by very small 
numbers approximating zero. 

Tomorrow, when I have a chance to talk at further length, I will 
show you much more evidence to establish the principle of proportion- 
ality in some of these effects. 

Representative Hotirtenp. Dr. Friedell. 

Dr. Frrepett. I think I have expressed myself. I feel that the data 
at the very low levels are perhaps presumptive and even highly pre- 
sumptive. I like the eternal consistency of the data on mutations 
better than any other purely from an examination of these data. I 
feel that the situation is not as yet established and not clear, and not 
conclusive. I don’t really know how to suggest that this will be clari- 
fied except what I said earlier. I feel strongly that understanding 
the mechanism rather than looking at the statistics of the problem will 
give us a much better picture of the whole thing. 

Representative Houtrrevp. Dr. Pollard. 

Dr. Potziarp. I would agree with Dr. Friedell’s last remark. I 
would like to say that whereas from my point of view there is always 
damage to the cell, the question is really how many cells does the body 
have available to repair this and to what extent do these vary with 
lifetime, with the condition of a person, and so on. This ist the broad 
realm of ignorance which I think we all agree we are in, and to escape 
which we have to do a great deal of work. I merely suggest again 
that the conservative thing to do in obtaining that knowledge is to 
assume linearity and therefore no threshold. 

Representative Horirietp. Dr. Lewis. 

Dr. Lewis. I would like to point out one thing more and that is that 
if we assume this straight line, this linearity as it is called, this absence 
of threshold, all these things being essentially the same thing, then we 
come up with these figures which I am afraid can be tw isted to alarm 
the pub lic unduly. I do think that the danger comes in legislating a 
dose that is said to be permissible for the public. 

Representative Horrrrerp. You used the word “legislation.” You 
7 = t refer to the work of the committee, did you ? 

. Lewis. I beg your pardon. I meant standards set by Govern- 
ment agencies for the public. It would be better to state to the public 
that there is a distinct possibility that the so-called permissible dose 
will hurt a definite number of people. The number damaged will be 
relatively small we think for small doses, such as from fallout which 
is what we are talking about. But the percentage or the number who 
are expected to be damaged should be stated, instead of implying that 
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there is no danger from fallout or that the permissible dose will cause 
no damage. 

Representative Horrrrevp. The chairman will not try to summarize 
the summaries, but could the Chair ask this question? In referring to 
these incidents of leukemia or the mutation of genes you are alla greed, 
are you not, that you are referring to a low level of radiation which 
has occurred to date as a result of bomb testing, and that you are not 
referring in your statements today to a drastically increased rate of 
release of fissionable material into the atmosphere, nor are you refer- 
ring to the incident of a nuclear warhead. 

Dr. Warren. Yes, that is our understanding, I believe, Mr. Chair- 
Miah. 

Representative Hortrrerp. That is the general understanding of 
the panel. I see you nodding in assent and as the nods do not appear 
on the record, the Chair w ill state you are in assent, 

The committee will resume its hearings tomorrow in the Old Su- 
preme Court Chamber in the Capitol, room P-63, at 10 a.m. We will 
lead off in the morning with Dr. Crow of the University of Wisconsin. 
Ife will be followed by Dr. Glass, of Johns Hopkins; Dr. Sturtevant, 
of the California Institute of Technology; and Dr. Muller, of the 
University of Indiana. A general discussion will follow to wind up 
the morning session. In the afternoon we will have Dr. Russell, of 
Oak Ridge; Dr. Jones, of the University of California Radiation 
Laboratory; and Dr. William Looney, of the Massachusetts General 
Hospital. 

Thank you, gentlemen, for being our witnesses and participating in 
the discussion. 

(Thereupon at 5:05 p. m., Monday, June 5, 1957, a recess was taken 
until Tuesday, Fane t, 1957, at 10 a. m.) 
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